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MODIFIED LABELED NUCLEOTIDES 
AND POLYNUCLEOTIDES AND METHODS OF 
PREPARING , UTILIZING AND DETECTING SAME 



ABSTRACT OF THE DISCLOSURE 

Nucleotides and polynucleotides, including DNA, are 
chemically modified or labeled so as to be capable of 
ready detection when attached to and/or incorporated 
nucleic acid material. 
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BACKGROUND OF THE INVENTION 



It is known to produce nucleotides or polynucleotides 
which are radioactively labeled, such as with isotopes 
or hydrogen ( 3 H) , phosphorus ( 32 P) , carbon ( 14 C) or 
iodine ( 125 I). Such radioactively labeled compounds are 
useful to detect, monitor, localize and isolate nucleic 
acids and other molecules of scientific or clinical 
interest. Unfortunately, however, the use of radio- 
actively labeled materials presents hazards due to 
radiation. Also due to the relatively short half life 
of the radioactive materials employed to label such 
compounds or materials, the resulting labeled compounds 
or materials have a corresponding relatively short shelf 
life. 

It has been proposed to chemically label compounds of 
interest, such as nucleotides and polynucleotides, so as 
to overcome or avoid the hazards and difficulties 
associated with such compounds or materials when 
radioactively labeled.- In the article by P.R. Langer, 
A. A. Waldrop and D. C. Ward entitled "Enzymatic 
Synthesis of Biotin-Labeled Polynucleotides: Novel 
Nucleic Acid Affinity Probes", in Proc . Natl. Acad. 
Sci. , USA, Vol. 78, NO. 11, pp. 6633-6637, November, 
1981, there are described analogs of dUTP and UTP that 
contain a biotin molecule bound to the C-5 position of 
the pyrimidine ring through an alkylamine linker arm. 
The biotin-labeled nucleotides are efficient substrates 
for a variety of DNA and RNA polymerases in vitro. 
Polynucleotides containing low levels of biotin 
substitution (50 molecules or fewer per kilobase) have 
denaturation, reassociation and hybridization character- 
istics similar to those of unsubsti tuted controls. 
Biotin-labeled polynucleotides, both single and double. 
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stranded, are selectively and qualitatively retained 
on avidin-Sepharose, even after extensive washing 
with 8M urea, 6M guanidine hydrochloride or 99% 
formamide. In addition, biotin-labeled nucleotides 
can be selectively immunoprecipitated in the presence 
of antibiotin antibody and Staphylococcus aurea , 
Protein A* These unique features of biotin-labeled 
polynucleotides suggest that they are useful affinity 
probes for the detection and isolation of specific 
DNA and RNA sequences* 

The subject matter of the above-identified 
article is further discussed in European patent appli- 
cation no. 63,879, published November 3, 1982. This 
published application further discloses compounds 
having the structure: 




y z 



EN2.0079 
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wherein B represents a purine, deazapurine, or pyrimidine 
moiety covalently bonded to the C^—position of the sugar 
moiety/ provided that when B' is purine or 7-deazapur ine, it 
is attached at the N 9 -position of the purine or deazapurine, 
and when B is pyrimidine, it is attached at the ^-position; 

wherein A represents a moiety consisting of at least three 
carbon atoms which is capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 
into a double-stranded ribonucleic acid, deoxyribonucleic 
acid duplex, or DNA-RNA hybrid; 

wherein the dotted line represents a chemical linkage join- 
ing B and A, provided that if B is purine the linkage is 
attached to the 8-position of the purine, if B is 7-deaza- 
purine, the linkage is attached to the 7-position of the 
deazapurine, and if B is pyVimidine, the linkage is attached 
to the 5-position of the pyrimidine; and 

wherein each of x, y r and z represents 

0 0 0 0 0 0 

II H It \\ \\ to 

H-, H0-, HO-P-O-, HO-P-O-P-0-, or H0-P-0-P-0-P-0- , are 

OH OH OH OH OH OH 

widely useful as probes in biomedical research and recom- 
binant DNA technology. 

Particularly useful are compounds emcompassed within this 
structure which additionally have one or more of the follow- 
ing characteristics: A is non-aromatic? A is at least C5; 
the chemical linkage joining B and A includes an ct-olef inic 
bond; A is biotin or iminobiotin; and B is a pyrimidine or 
7-deazapurine, 
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These compounds may be prepared by a process which involves; 



(a) reacting a compound having the structure: 



B 



X-CH 



n 



H 



H 

y 2 

with a mercuric salt in a suitable solvent under 
suitable conditions so as to form a mercurated com- 
pound having the structure: 

?-Hg+ 
y 2 

(b) reacting said mercurated compound with a chem- 
ical moiety reactive with the -Hg + portion of said 
mercurated compound and represented by the formula 
•••N, said reaction jtoeing carried out in an aqueous 
solvent and in the presence of K 2 PdCl 4 under suitable 

conditions so as to form a compound having the struc- 

> 

ture: „ 

B • • • n 

X-CH2 




wherein N is a reactive terminal functional group or 
is A; and 
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(c) recovering said compound as said modified nucleo 
tide when N is A, or when N is a reactive terminal 
group, reacting said compound with a compound havinc 
the structure M-A, wherein M represents a functional 
group reactive with N in an aqueous solvent under 
suitable conditions, so as to form said modified 
nucleotide, which is then recovered. 

This invention also provides compounds having the structure 



i 

ho-pH 

OH 



O-CH 




-OH 



wherein each of B, B' ; , and B" represents a purine, 7-deaza- 
purine, or pyrimidine moiety covalently bonded to the C - 
position of the sugar moiety, provided that whenever a, B« 
or B" is purine or 7-deazapurine, it is attached at the N 
position of the purine or 7-deazapurine, and whenever B, B 
or B" is pyrimidine, it is attached at the Imposition; 

wherein A represents a moiety consisting of at least three 
carbon atoms which is capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporatea 
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a double-stranded duplex formed with a complementary 
ribonucleic or deoxyribonucleic acid molecule. 



into 



wherein the dotted line represents a chemical linkage join- 
ing B and A, provided that if B is purine the linkage is 
attached to the 8-position of the purine, if B is 7-deaza- 
purine, the linkage is attached to the 7-position of the 
deazapurine, and if B is pyrimidine, the linkage is attached 
to the 5-position of the pyrimidine; 

wherein z represents H- or H0-; and 

wherein » and n represent integers from 0 up to about 
100,000. 

These compounds can be prepared by enzymatic polymerization 
of a mixture of nucleotides which include the modified nucleo- 
tides of this invention. Alternatively, nucleotides present 
in oligo- or polynucleotides may be modified using chemical 
methods ♦ 

Nucleotides modified in accordance with the practices 
of this invention and oligo- and polynucleotides into which 
the modified nucleotides have been incorporated may be used 
as probes in biomedical research, clinical diagnosis, and 
recombinant DNA technology. These various utilities are 
based upon the ability of the molecules to form stable com- 
plexes with polypeptides which in turn can be 
either by means of properties inherent in the polypeptide or 
by means of detectable moieties which are attached to, or 
which interact with, the polypeptide. 

Some uses include detecting and identifying nucleic acid- 
containing etiological agents, e.g. bacteria and viruses; 
screening bacteria for antibiotic resistance; diagnosing 
genetic disorders, e.g. thalassemia and sickle cell anemia; 
chromosomal karyotyping; and identifying tumor cells. 
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Several essential criteria must be satisfied in order for a 
modified nucleotide to be generally suitable as a substitute 
for a radioactively-labeled form of a naturally occurring 
nucleotide. First, the modified compound must contain a 
substituent or probe that is unique, i.e., not normally 
found associated with nucleotides or polynucleotides. 
Second, the probe must react specifically with chemical or 
biological reagents to provide a sensitive detection system. 
Third, the analogs must be relatively efficient substrates 
for commonly studied nucleic acid enzymes, since numerous 
practical applications require that the analog be enzymatic- 
ally metabolized, e.g., the analogs must function as sub- 
strates for nucleic acid polymerases. For this purpose, 
probe moieties should not be placed on ring positions that 
sterically, or otherwise, interfere with the normal Watson - 
Crick hydrogen bonding potential of the bases. Otherwise, 
the substituents will yield compounds that are inactive as 
polymerase substrates. Substitution at ring positions that 
alter the normal -anti" nucleoside conformation also must be 
avoided since such conformational changes usually render 
nucleotide derivatives unacceptable as polymerase substrates. 
Normally, such considerations limit substitution positions 
to the 5-position of a pyrimidine and the 7-position of a 
purine or a 7-deazapurine. 

Fourth, the detection system should be capable of interact- 
ing with probe substituents incorporated into both single- 
stranded and double-stranded polynucleotides in order to be 
compatible with nucleic acid hybridization methodologies. 
To satisfy this criterion, it is preferable that the probe 
moiety be attached to the purine or pyrimidine through a 
chemical linkage or "linker arm" so that it can readily 
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interact with antibodies, other detector proteins, or chem- 
ical reagents . 

Fifth, the physical and biochemical properties of polynucleo- 
tides containing small numbers of probe substituents should 
not be significantly altered so that current procedures 
using radioactive hybridization probes need not be exten- 
sively modified. This criterion must be satisfied whether 
the probe is introduced by enzymatic or direct chemical 
means . 

Finally/ the linkage that attaches the probe moiety should 
withstand all experimental conditions to which normal nucleo- 
tides and polynucleotides are routinely subjected, e.g., 
extended hybridization times at elevated temperatures, phe- 
nol and organic solvent extraction, electrophoresis, etc* 

All of these criteria are satisfied by the modified nucleo- 
tides described herein. 

These modified nucleotides have the structure: 




y 2 

wherein B represents a> purine, 7- deazapurine, or pyrimidine 
moiety covalently bonded to the C 1 ' -position of the sugar 
moiety, provided that when B is purine or 7-deazapur ine , it 
attached at the N^-position of the purine or 7-deazapurine, 
and when B is pyrimidine, it is attached at the ^-position; 



wherein A represents a moiety consisting of at least three 
carbon atoms which is capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 
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into a double-stranded ribonucleic acid, deoxyribonucleic 
acid duplex, or DNA-RNA hybrid; 

wherein the dotted line represents a linkage group joining B 
and A, provided that if B is purine the linkage is attached 
to the 8-position of the purine, if B is 7-deazapur ine, the 
linkage is attached to the 7-position of the deazapurine, 
and if B is pyrimidine, the linkage is attached to the 5- 
position of the pyrimidine; and 

wherein each of x, y and z represents 

n 0 0 0 0 0 

u (in 

H-, H0-, HO-f-0-, H0-P-0-P-0-, or H0-P-0-P-0-P-0-. 

OH OH OH OH OH OH 

These compounds are widely useful as probes in biomedical 
research and recombinant DNA technology. 

Although in principal all compounds encompassed within this 
structural formula may be prepared and used in accordance 
with the practices of this invention, certain of the com- 
pounds are more readily prepared or used or both, and there- 
fore are presently preferred. 

Thus, although purines, pyrimidines and 7-deazapur ines are 
in principal useful, pyrimidines and 7-deazapurines are 
preferred since purine substitution at the 8-posi.tion tends 
to render the nucleotides ineffective as polymerase substrates, 
Thus, although modified purines are useful in certain respects, 
they are not as generally useful as pyrimidines and 7-deaza- 
purines. Moreover, pyrimidines and , 7-deazapur ines useful in 
this invention must- not be naturally substituted at the 5- 
or 7- positions, respectively. As a result, certain bases 
such as thymine, 5-methylcytosine , and 5-hydroxymethyl- 
cytosine are not useful. Presently preferred bases are 
cytosine, uracil, deazaadenine and deazaguanine . 
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A may be any moiety which has at least three carbon atoms 
and is capable of forming a detectable complex with a poly- 
peptide when the modified nucleotide is incorporated into a 
double-stranded duplex containing either deoxyribonucleic o 
ribonucleic acid . 

A therefore may be any ligand which possesses these prop- 
erties, including haptens which are only immunogenic when 
attached to a suitable carrier, but are capable of interract 
ing with appropriate antibodies to produce complexes . Ex- 
amples of moeities which are^ useful include: 




biotin and iminobiotin. 
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Moreover, since aromatic moieties tend to intercalate into a 
base-paired helical structure, it is preferred that the 
moiety A be nonaromatic. Also, since smaller moieties may 
not permit sufficient molecular interaction with polypep- 
tides, it is preferred that A be at least C 5 so that suf- 
ficient interaction can occur to permit formation of stable 
complexes. Biotin and iminobiotin satisfy both of these en- 
ter ia* 

The linkage or group joining moiety A to base B may include 
any of the well known bonds including carbon-carbon single 
bonds, carbon-carbon double bonds, carbon-nitrogen single 
bonds, or carbon-oxygen single bonds. However, it is gen- 
erally preferred that the chemical linkage include an ole- 
finic bond at the a-position relative to B. The presence of 
such an a-olefinic bond serves to hold the moiety A away 
from the base when the base is paired with another in the 
well known double-helix configuration. This permits infr- 
action with polypeptide to occur more readily, thereby fa- 
cilitating complex formation. Moreover, single bonds with 
greater rotational freedom may not always hold the moiety 
sufficiently apart from the helix to permit recognition by 
and complex formation with polypeptide. 

It is even more preferred that the chemical linkage group be 
derived from a primary amine, and have the structure -CH2-NH-, 
since such linkages are easily formed utilizing any of the 
well known amine modification reactions. Examples of 
preferred linkages derived from allylamine and allyl-<3- 
amino-2-hydroxy-l-propyl) ether groups have the formulae 
-CH=CH-CH 2 -NH- and -CH=CH-CH 2 -0-CH 2 -CH-CH 2 -NH-, 

OH 

respectively. 
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Although these linkages are preferred, others can be used 
Ludlg particularly olefin linkage arms with other m od - 
fiable functionalities such as thiol, carboxyl.c add, and 
epoxide functionalities. 

The linkage groups are attached at specific positions, 
namely, tl 5-position of a pyridine, the S-positlon of a 
purine, or the 7-position of a deazapunne. As l " d "=*"° 
piously, substitution at the 8-positio„ of a ourrn .does 
not Produce a modified nucleotide which is useful in ail the 
methods discussed herein. It .ay be that the '-position of 
TouTine which is occupied by a nitrogen atom, could be the 
ooint "/linkage attachment. However, the chemical substi- 
fut"n ItnL'.mployed to date and discussed herein are not 
suitable for this purpose. 

.v, otters x, Y, and z represent groups attached to the 5', 
T. and 2 ^UtUns of the sugar moiety. They .ay be any 

H-, H0-, HO-P-0-, Ho4-0-f-0-, or HO-P-O-P-P-0- 
H ' OH OH OH OH OH OH 

Although conceivable, it is unlikely that all of x, y, and , 
lill simultaneously be the .same. More likely at least one 

t I *nd z will be a phosphate-containing group, exther 
of x , y and , W l1 P ate ^ afc least one will be HO- or 

r V^n oe readily appreciated, the most likely identity 
Itz will be HO- or H- indicating ribonucleotide or deoxy- 
Lonucleotide, respectively. Examples of such nucleo ,d 
include 5«-ribonucleoside monophosphates, S'-rxbonucleosxde 
ii whites 5'-ribonucleoside triphosphates, 5'-deoxy- 
diphosphates, 5 noo 5 ._ deoX yribonucleoside 
ribonucleoside monophosphates, 5 deoxyrio 

w 5'-deoxyribonucleoside triphosphates, 5 p 

d.phosphates 5 deoxyr lB0 . ld ._ 3 . p . More 

CibCn ;i :Z *Z s in ude modified nucleotides of this type 

r: r : P otin or ^b^n, ***** — - 
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-CH=CH-CH 2 -NH- OC -CH=CH-CH 2 -C-CH 2 -CH-CH 2 -NH- 



and B is uracil or cytosine. 

The general synthetic approach adopted for introducing the 
Z Je arm and probe moiety onto the base is discussed here- 
inabove. (See especially, a.L. Ruth and ».,. 
Org. Chem., 43, 2870, 1978; D.B. Bergstrom and M. K. Ogawa, 

Amer. Che,. See. 100, 8106, 1978; and C F. B.gge, P 
Kalaritis, J.R. Deck and M. P. Mertes, J. Amer. Chem. Soc. 
102 2033 1980.) However, the olefin substituents employed 
teTei have not been used previously. To facilitate attach- 
ment of probe moiety A, it has been found partxcularly 
lesi/able to employ olefins with primary amine functional 
groups, such as allylamine (AA] or allyl- <3-ammo-2- 
hydrLy-l-propyl) ether [NAGE] , which permxt 
ment by standard amine modification reactions, such as, 

-CH 2 NH 2 + R-C-OR -CH 2 NHCR 
imidate 



O 



» 0 

\ 



R-C | 



O.— >■ -CH 2 NHCR 

-CH 2 NH2 + R_C 
O 

Anhydride 
O 



\ N NCCI 



-CH 2 NH 2 



? ? 

'NOCK — > -CH^JSJHCR 

+ Y 

NHS-ester ( N-hydroxysuccinimide) 



S 

-CH 2 NH 2 + R-WC-S-* -CH 2 NHCNHR 
Isothiocyanate 
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.o <j> H 

-CH 2 NH 2 + / \ R ~ ^ -CH 2 NHCH 2 CHR 
Epoxide 

Because of ease of preparation it has been found preferable 
to use NHS-esters for probe addition. However, olefin linker 
arms with other modifiable functional groups, such as thiols, 
carboxylic acids, epoxides, and the like, can also be em- 
ployed. Furthermore, both linker arm and. probe can be added 
in a single-step if deemed desirable. 

Specifically, modified nucleotides having the structure: 

B»**A 

X-CH 




wherein B represents a purine, 7-deazapur ine , or pyrimidine 
moiety covalently bonded to the C 1 ' -position of the sugar 
moiety, provided that when B is purine or 7-deazapur ine , it 
is attached at the N 9 -position of the purine or deazapurine, 
and when B is pyrimidine, it is attached at the N^-position ; 

wherein A represents a moiety consisting of at least three 
carbon atoms which is capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 
into a double-stranded ribonucleic acid, deoxyribonucleic 
acid duplex, DNA-RNA hybrid; 

wherein the dotted line represents a chemical linkage join- 
ing B and A, provided that if B is purine, the linkage is 
attached to the 8-position of the purine, if 7-deazapur ine, 
the linkage is attached to the 7-position of the deaza- 
purine, and if B is pyrimidine, the linkage is attached to 
the 5-position of the pyrimidine; and 



1223831 

-15- 

wherein each of x, y. and z represents ^ 

H H0-, H0-1-0-, H0X0X0-, or HO-U-f -O-f -O- 

H ' i H oh in oh OH oh 

can be prepared by: 

( a) reacting a compound having the structure; 

B 



x-CH-o 




with a mercuric salt in a suitable : solvent under 
suitable conditions so as to for, a mercurated com- 
pound having the structure: 

X-CH- 




reacting said mercurated compound with a che*- 
^ated compound and represented by the formula 

said reaction fl- °" in r r Ti°taMe 

solvit and in the presence ot K 2 Pdcl 4 unde .«t ble 
conditions so as to torn, a compound havxn, the struc 



ture: 



B • • • N 

X-CH, 




wherein N is a reactive 
is A; and 



y z 

terminal functional group or 



(c) ^covering said expound as said modified nucleo- 
side when N is A, or when N is a reactive terminal 

o p reacting said compound with a co m po. = 
the structure M-A, wherein H represents a functional 
g roup reactive with N in an agueous solvent under 
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suitable conditions, so as to form said modified 
nucleotide, which is then recovered. 



The following schema is illustrative: 



XJ 



HN 



Relative 
concentration 



K 2 PdCl4 

Allylamine 
R.T. 

j> 18-24 hr . ^ s „ . R 

* Acetate buffer, pH 4-5 



I 

CH 2 NH 2 



Unstable 



JJ 



1 

>10 
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Although the reactions can be carried out at hydrogen ion 
concentrations as low as pH 1, or as high as pH 14, it is 
preferred to operate in the range from about 4 to 8. 
This is especially true when dealing with unstable compounds 
such as nucleoside polyphosphates, polynucleotides, and nucleo- 
tide coenzymes which ate hydrolyzed at pH's outside this 
range. Similarly, it is preferred to operate at a temper- 
ature in the range from about 20° C to 30° C to avoid pos- 
sible decomposition of labile organic substrates. However, 
the reactions can be carried out at temperatures from about 
5 o c to 100° C. As is usual with chemical reactions, higher 
temperatures promote the reaction rate and lower tempera- 
tures retard it. Thus, in the temperature range from 5° C 
to 100° C, the optimum reaction time may vary from about 10 
minutes to 98 hours. In the preferred temperature range, 
reaction times normally vary from about 3 to 24 hours. 

The preferred procedure for maintaining the pH in the de- 
sired range is through the use of buffers. A variety of 
buffers can be employed. These include, for example, sodium 
or potassium acetate, sodium or potassium citrate, potassium 
citrate-phosphate, tris-acetate and borate-sodium hydroxide 
buffers. The concentration of buffer, when employed, can 
vary over a wide range, up to about 2.0 molar. 

Ucludea as a solubility .1*. The organic solvents usually 
"T,,, those which are -iscible with water. These »ay 
ZZ'Z* ethers, alcohol esters. Ketones, a^aes. 

and the like such as methanol, ethanol, propanol, glycerin, 
dioxane, acetone, pyridine and dimethylf ormamide . However, 
since it has been observed that the presence of alcohols, 
such as methanol, often results in alkoxy-addition across 
the olefin double bond, any organic solvent used as a sol- 



1223831 

-18- 

ubility aid should be chosen carefully. Introduction of 
alkoxy substituents to the - or: B- exocyclic carbon atoms 
often results in the production of compounds which are uti- 
lized much less efficiently as enzyme substrates. 

Although various mercuric salts may be utilized, the pres- 
ently preferred salt is mercuric acetate. Also, as indi- 
cated previously, the compounds may be prepared by first 
adding a linker arm and then the moiety A, or by adding a 
linker arm to which A is already attached. Thus, the chem- 
ical moiety represented by the formula • • • N may be any one 
of the numerous entities which ultimately result in pro- 
duction of the desired compounds. 

Examples include -CH=CH-CH 2 -NH 2 , 

-cLcH-CH 2 -0-CH 2 -CH-CH 2 -NH 2 , -CH=CH-CH 2 -NH-biot in , and 

OH 

-CH=CH 2 -CH 2 -0-CH 2 -CH-CH 2 -NH-iminobiotin. 

OH 

The amounts of the reactants employed in these reactions 
may vary widely. However, in general the amounts of unmercur- 
ated compound, mercurated compound, and palladium-containing 
compound will be substantially stoichiometric whereas the 
mercuric salt and compound —M will be present in molar 
excess, e.g. 5 - 20 moles of —N or of mercuric salt per 
mole of mercurated compound or unmercurated compound, respect- 
ively, in practice, amounts will vary depending upon varia- 
tions in reaction conditions and the precise identity of 
the reactants. 

Having the biotin probe directly attached to nucleotide 
derivatives that are capable of functioning as enzyme sub- 
strates offers considerable versatility, both in the exper- 
imental protocols that can be performed and in the detection 
methods (microscopic and non-microscopic) that can be 
utilized for analysis. For example, biotin nucleotides 
can be introduced into polynucleotides which are in the 
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process of beina synthesized by cells « crude cell ex- 
tracts, thus maKina it possible to detect and/or folate 

c <,rowin„ polynudeotide chains. Such a procedure 
is impossibie to do by any direct chemical modification 
method. Furthermore. enzymes can be used as reacents for 
Utrc^ucin, probes such as biotin into hi 9 hly 
s"e-speclfic locations in polynucleotides; the chemical 
synthesis of similar probe-modified products would be ex- 
tremely difficult to achieve at best. 

T h. synthesis of nucleotide, containing biotin o, r imino- 
blotin was achieved a. detailed in the examples set forth 
hereinafter. Pyridine nucleoside 

- ZZZTXZZZ ^/variety of 
puHf". nucleic acid polymerases of both pro.aryot.c and 
euxaryotic ori.in. These include D«A polymerase I of E. 

^ "bacteriophage T4 o« ^<>*\™ £Z'Z%1» 
77^ -urine (A-9) and human (BeLa) cells, and the DNR poi, 
..".e o He P«s simplex virus. Confirms data were obtain- 
ed' "thl oil .« Polymerase X usin, either the nic.- 

1 9 ,7> or he ofp-filUno reaction described by Bourdon 
et ,1. (O.J. Lrauionon. P.J. T.ttersall and D C. Hard, J. 
J'': ' 290 , i,7«) . Bio-dOTP has also been found to 
^c rof a. /polymerase substrate both in CHO cells permea- 
bilizrf by treatment with lysolecithin accords to the 

:«h:rof y «iuer, « «-.». - 4 *l c - ^r^'i- - — 

and A.B. Pardee, Exp. Cell Res. 122. 13791 . and * 

clear replication system prepared from Herpes Simplex in- 
jected BHK cells. Mthouoh biotinyl ^ibonucleos.d. tri- 
phosphates were found to function as substrates for the RNA 
'polymerases of ,. soli and bacteriophage *7. the, r «. "° 
utilized as efficiently as their deoxyribonucleotide tri 
phosphate counterparts. Indeed, they are incorporated 
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poorly, if at all, by the eukaryotic RNA polymerases ex- 
amined (HeLa cell RNA polymerase III. calf thymus RMA poly- 
merase II and mouse cell RNA polymerase II). While this 
limited range of substrate function does restrict the 
ity in some in vivo or in vitro transcription stud.es, biotm 
labeled RNA probes can be prepared enr.ymatically from^DNA 
templates using E . coli or T7 RMA polymerases or by 3 end- 
labeling methods using RNA ligase with compounds such as 
biotinyl-pcp. The AA- and NAGE-der ivatives of UTP are, how- 
ever, substrates for the eukaryotic RNA polymerases men- 
tioned above. With the availability of antibodies to these 
analog, the isolation of nascent transcripts by immuno- 
logical or affinity procedures should be feasible. 

The enzymatic polymerization of nucleotides containing bio- 
tin or iminobiotin substitu*nts was not monitored directly, 
since neither of these probes were radiolabeled However, 
two lines of experimental evidence clearly show that the 
biotinyl-nucleotides were incorporated. The first is that 
polynucleotides synthesized in the presence of biotin- 
nucleotides are selectively retained when eh '^^" ph f _ 
over avidin or streptavidin affinity columns. (Tables I and 
II) For example, whereas normal DNA, nick translated with 
32p-dAMP, is quantitatively eluted upon the addition of 0-5 
M NaCI, the vast majority of biotinyl-DNA or iminobiotxny - 
DNA remains bound to the resin even. after extensive washing 
with high salt, urea, quanidine-HCl , formamide or 50 mM 
NaOH. The small fraction of the radiolabel eluted by these 
washing conditions is not retained when applied tc , the resin 
a second time, suggesting that radioactivity is associated 
with DNA fragments which are free- of biotin substitution. 
The second line of evidence is that only biotin-labeled 
polynucleotides are immunoprecipitated when treated with 
purified anti-biotin igG followed by formalin-fixed 
Lcoccus aureus . (Table III) It is clear from the data in 
these tables that extremely small amounts of biotin can be 
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v „., hn H These results also show that the 
detected by this method. mese .== 

b tin mollule can be receded by avidin « 
specific antibodies while the D* is still i» , ; n.t v 
double-stranded form, a condition that xs absolutely essen 
tial if the antibody-bindin, oc avidin-af f ini ty approaches 
are to be useful in probe detection employing hybridiza- 
tion techniques. 

TABLE ■ I 

SELECTIVE RETENTION OF BIOTINIZED DNA 
ON AVIDiN-SEPHAROSE 



Eluent 

Load - 3 x 10 5 cpm 





10 mM Tris 7,5 




+ 0-2 M NaCl 


(1) 


0.5 M NaCl 


(2) 


1.0 M NaCl 


(3) 


8 M Urea 


(4) 


6 M guanidine-HCl 


(5) 


99% fqrmamide 


(6) 


2 inM Biotin 


(7) 


50 mM NaOH 



% DNA Retained on Resin 
Bio-DNA (1%) T-DNA 



100. 

100 
99.7 

100 
95.2 
94.7 
97.6 
89.5 



-100% 

0.1 
<0.01 
<0.01 
<0.01 
<0.0l 
<0.01 
<0.01 
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TABXjE II 

Affinity Chromatography of Iminobiot in-dUTP 
and iminobiotinized - DMA on S tr eptavidin-Sepharose 

* Bpfcained on SA-Sepharbse 
glUe - T _ DNA 3 H -IB-dUTP IB-DNA 

Load - 10 mM Tris-HCl, 8,3 
50 mM NaCl 

(1) 0.1 M NaCl 

(2) 1.0 M NaCl 

(3) 8 M Urea 

(4) 6 M guanidine-HCl 

(5) 50 mM NH 4 -acetate, 

pH 4.0 

(6) 50 mM NH 4 -acetate, 

pH 4.0 
2 mM biotin 

TABLE III 

SELECTIVE IMMUNOPKECIPITATION OF BIO-DNA 
WITH AOTI-BIOTIN IgG and STAPH AUREUS, 

CPM in CPM in . 

Antibody ' immune ppt. Supernatant 



8.7 


100 




99.7 


<0.1 


100 




99.7 


<0.01 


100 




99.4 


<0.01 


97. 


5 


98.5 


<0.01 


97. 


0 


97.0 


<0.01 


<0 


.01 


96.5 


<0.01 


<0 


.01 


<0. 01 



DNA* 

T-DNA 
T-DNA 



70 4867 



Anti-Bio IgG 87 
T-DNA Non- immune IgG 55 



Bio— DNA 



53 



5197 
5197 

3886 
736 



Bio— DNA Anti-Bio IgG 3347 ^ 

Bio— DNA Non- immune IgG 60 

*N.T. pBR-322 DNA, 32p_i ab eled; 1% Biotin substitution. 
Specific activity, 2 x 10 7 c pm/yg 
Biotin detection 0.001-0.01 pmoles. 
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Thus, it is possible to prepare nove 
structure: 

B 

O-CHn o, 



1 compounds having the 



HO-P-t 
OH 



B* • # A 



OH 



i-CHo n 

*W r 



■T 

OH 



— O-CH 




-OH 



,9- 



v» r B ' and B" represents a purine, deaza- 

Tb- is pyrimidine, it 1. .attached at the ,.1-position, 

.herein * represents , moiety consisting « 
carbon atoms- »hich is capable of forming a detectable com 
llTlil* a polypeptide -hen the compound is < 
Into a double-stranded duplex formed with a complementary 
ribonucleic or deoxyribonucleic acid molecule. 

herein the dotted line represents a Unfcace group Join- 
in B and ». provided that if B is ^ ^ ^Z^- 
attached to the 8-position of the purine, if B is 1 «.« 
p"i„e. the linRage is attached to the 7-position of the 
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deazapurine, and if B is pyridine, the linkage is attached 
to the 5-position of the pyrimidine; 

wherein z represents H- or H0-; and 

wnerein m and n represent integers from 0 up to about 



100,000. 



Of course, it should be readily understood that in general m 
and n not si.uitan.ouMy be 0 since, in that event the 
expound becomes. merely a edified -^otide as de.c^bed 
Previously. In general B- and B- will vary w^hm the same 
Viut or polynucleotide, being alternatively uracil, cyto- 
kine thymine! guanine, adenine, or the li.e. Also, „ gen- 
. at' the tar ation will correspond to the ordered sequence 
JiX* which codes for the synthesis of peptrdes 

invention. 

It is also to be understood that the structure embraces more 
than on. modified nucleotide present in the oligomer or 
than ^ thicty ^hlj nucl.o- 

Hors ih. rit^actor in this regard is that th. numb.r 
If Situations not be so great that the polynucleotide rs 
rendered in.£f.otive for the intended use. 

„• „„ it should b. understood that modified oligo- and 
^yn cle: i es can be Joined to form larger entities hav.n, 
£ "am. structure so iong as terminal groups are r.nder.d 
compatible or reactive. 
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These compounds can be made by enzymatic polymerization of 
appropriate nucleotides, especially nucleotide triphosphates 
in the presence of a nucleic acid template which directs 
synthesis under suitable conditions. Such conditions can 
vary widely depending upon the enzyme employed, amounts of 
nucleotides present, and other variables. Illustrative 
enzymes include ONA polymerase I of E. coll, bacteriophage 
T4 DNA polymerase, DNA polymerases a and 6 from murine and 
human (HeLa) cells, DNA polymerase from Herpes simplex 
virus, RNA polymerase of E. coli, RNA polymerase of bacter- 
iophage T7, eukatyotic RNA polymerase including HeLa cell 
RNA polymerase III, calf thymus RNA polymerase II, and mouse 
cell RNA polymerase II. 

Also, the compounds can be prepared by terminal addition to 
oligo- or polynucleotides to produce compounds in which m or 
n is 0 depending upon whether the addition is at the 5' or 
3' position. Moreover, the compounds such as pCp or pop m 
which the base is biotinized can be added to existing mole- 
cules employing the enzyme RNA ligase. 

Modified oligo- and polynucleotides can also be prepared by 
chemical modification of existing oligo- or polynucleotides 
using the approach described previously for modification of 
individual nucleotides. 

The various modified nucleotides, oligonucleotides, and 
polynucleotides of this invention may be detected by con- 
tacting the compounds with polypeptides which are capable of 
forming complexes therewith under suitable conditions so as 
to form the complexes, provided that the polypeptides in- 
clude one or more moieties which can be detected when the 
complex or complexes is or are formed, generally by means of 
conventional detection techniques. 

One polypeptide detector for the biotinyl-type probe is 
avidin The avidin-biotin interaction exhibits one of the 
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tfc.ht.st non-covalent binding constants (K dis .10-"> seen xn 
lit" If avidin is coupled to potentially de-onstrahl. 

„ «... fluorescent dyes <f luoroscem. 

indicator mux [ferritin, hemocyanin, 

rrsr^nrry;:;:^: ^ r T:r < 

faction products <pero,idase. airline phosphatase, the 
^.sence. location and/or quantity of the blotx. p.*. can 

be established* < 

^ . . nmoprtv that makes it less 

Avidin has, unfortunately, one property tn 
7esirable as a biotin-indicator protein when us a , 
junction with nucleic acids or chromatin material. It 

/m h Heaaeness, Stain Technol., 52, 165, 
been repotted (M.H Heggene , ^ 

1977* M.H. Heggeness and J.F. ash, o. 

1977'. E A Bayer and M. Wilche*, Methods of Biochemical 
1977, E.A. Baye fcQ condensed 

Analysis 26, 1, 1980) t fractions tnat contain large 

Chr ° ro :: i :; n u le ic ac a" r a manner which is independent of 
amounts of nucleic ac basic glycQ _ 

it. biotin-binding P^^^^i;^ cnaC acter or its 
protein with a pi of 10.5, its nisto 

*^ . _~«4- i4V«»lv responsible tor tnese 

carbohydrate moieties are most likely resp 

observed non-specific interactions. 

A preferred probe for biotin-containing nucleotides and 
derivatives Is streptavidinv an avidin-liKe protein syn- 
thesized by the soil organism S^omyces SSi^' "» 
thesizea y icati0 n is described in Hoffman, et 

preparation and purification 1 strep tavidin 

al ., Proc. Mfcl. Acad Sex . ' ^^^i.Ud , and shows 
has a much lower pi (5.0), « *on 9 1VC y 
luch lower non-specific binding to DNA than avidin, and 
Therefore offers'potential advantages in applications in- 
volving nucleic acid detection methodology. 

A most preferred protein for biotin-liKe probe detection is 

monospecific rabbit IgC antibiotin 

compound was prepared by immunizing rabb ts wi 

serum albumin conjugated biotin as described previou 
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Berger, Methods in Ensymology. «. ^ 5 > 19791 > ^ .^"^ 
by affinity chromatography. Although the association on- 
stent of immunoglobulin-haptens have values 
1010, wh ich are considerably lower than to. .vxd.n-b.ot.n 
1* th6 y are substantially equivalent to those ob- 

:::: : ; h t fe 77^^ 

the anti-biotin antibodies have proven extremely useful in 

etec in, specific polynucleotide sequences on -™ 
by in situ hybridization since little, if any, non specie 
binoTnT^ <*• antibody to chromatin material occurs. 

T he Rifled r » 7 ^«;Zr^™^° 

probe,. ». 

1 TLaturation profiles and hybridization properties 
: TZ ra b o "substituted „» and am polymers clearly 

:„dt:::i: «. —1.. *>™ « « ^.-s^. Per 

"^^e t^^sTsrtrXidentical to that of 
kl lobase, have T» val puttnermo re, 32 P -labeled. 

£tT Z tit « pBR 322 ^.exhibited the same decree of 

lit d autoradiographic signal intensity as con- 
To hylidtne-containinc D1 *,»hen used as a hybridisation 
Probe fcTdetectin, bacterial colonies containing th. plas- 
mid* 

In ^duplexes, such £ f£ 

tLt of tL unsubstituted control.. Although the Tm of 
X I"' which each base pair contains a bio-dUM* 

/ iso c lower than the poly aCA-T) control, the 
ZZ\ cooperat^y and the extent of hyperchromicity 
ra:".: both'during d«naturation and 
the same for the two polymers. A parallel analysis 
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Rffi duplexes and DNA/RKA hybrids indicates that their 
Zo decease as the biotin-cont.nt of the poller increase .. 
However, it is clear that a substantia! ° > ° 

molecules can be introduced without significantly altering 

u .^.riqt-ics of the polymers, 
the hybridization characteristics ox * 

-4.^^ 4-k=.+- biot in-substituted 
These results strongly suggested that biotin 

Tnese e«=»wj.»-~ v - ^ptectinq and/or 

localizing P sections . The general protocol 

; i or:.::=tt;g ^: i. ^^1* 

^ n naf rated as follows: 

U1UStra *N«^* g5 ^«'0 f «0 T %S^ 
VIA W ^/^gghSSSnON METHODS 

Anti probe sequence 



I) Target 
Oelivery 



Hybridize with biotinized or 
hoplenized probe (with or with- 
out cloning vechicle sequences; 




2) Signal 

Amplification 



Biot in ot 
Haptene 



I) Avidin -peroxidose 
Z) IgG ~ peroxidose 
3) Primary ct-deter minent Ig G 




3) Oelection 



1) Insoluble peroxidase produces 

2) Antibody sondwiching techn.ques 



DAB 
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This general scheme illustrates only procedures used for 
gene mapping (cytogenetics), and recombinant D^-technol- 
ogies. However, it can be equally well applied to the de- 
tection of nucleic acid sequences of bacterial, viral, 
fungal or parasite origin in clinical samples and this forms 
the basis of a powerful new approach to clinical diagnostics 
which does, not rely on the use of radioisotopes. 

immunological and histochemical methods for the detection of 
biotin have shown that the basic approach is useable for a 
rapid method of gene mapping in situ hybridization and non- 
radioactive procedures for detecting specific nucleic acid 
sequences by blotting hybridization methods. Use may be 
made of this technology in development of new clinical diag- 
nostic procedures. 

Using this approach, it is possible to determine the presence 
of a specific deoxyribonucleic or ribonucleic acid molecule, 
particularly such a molecule derived from a living organism, 
e.g. bacteria, fungus, virus, yeast, or mammal. This in 
turn permits diagnosis of nucleic acid-containing etiolog- 
ical agents- in a patient or other subject. 

Moreover, it provides a -method for screening bacteria to 
determine antibiotic resistance. Thus, for example, peni- 
cillin resistance in streptococcus pyogenes , or Neissens 
seilinai! idis ; tetracycline resistance in S ta phvlococcus 
aureus, Candida albicans , Pseudomonas aeruginosa, Streo- 
tosfiscvis pyogenes , or Neisseria gon orrhoeae ; and amino- 
glycoside resistance in Mycobacterium tuberculosis can be 
determined, 

in these methods a polynucleotide is prepared which is 
complementary to the nucleic acid sequence which c*.r.ct- 
erizes the organism or its antibiotic resistance and whicn 
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additionally includes one or Lore modified nucleotides 
according to this invention. This polynucleotide is 
hybridized with nucleic acid obtained from the onanism 
7 hybridize indicates absence 

under scruntiny. Failure to ny^ 

• ™ «^ «f 4-he resistance characteristic, 
of the organism or or tne resist 

Hybridized nucleic acid duplexes are then identified by 

formin, . couple, between the duplex end , suitable 

polypeptide which carries a detectable -or.ty, 

iL the presence of the complex usin, an 

taction technique. Positive detection indicates that the 

ccplex, the duplex and therefore the nuclei add se 

sequence of interest are present. 

This approach can be extended to the diaanosis of genetic 

litorders, such as thalasseuia and sickle cell ane^a. 

aiSO , k .. aene sequence whose presence 

™ l <i°n n ^rcas d : o tha^ssemfa, is associated with 

"J. disorde caTbe detected foUowin, hybridisation . th 
t oolvnucleotide probe accordin, to this invent.cn based 
upon cXlex formation with a suitable detectable poly- 
peptide • 

The mapping of genes or .their transcripts to specific 

loci on chromosomes has been a tedious and 

suming occupation, involving mainly techniques of cell 

ny " „_ , oec i es that- undergo 

single-copy gene sequences in species « 

chromosomes has been extremely difficult, n not P 
Lin, standard hybri.ation ^thods. ^ neces for 

fation site a!so results in rapid radiodeccpos^on of the 



probe and a concomitant increase in the background no.se of 
silver grain deposition. The use of hybridization probes 
! ith low to aerate specific radioactivities requires ex- ( 
posure times of many days or weeks, even to detect multi- 
copy sequences, such as ribosomal genes or 
- Since 

r G r r n \: ::roiiAerirr t y W ouid Y be 

to have a rapid and sensitive method for mapping the chro- 
mosomal origin of such clpned genomic fragments. 

Modified nucleotides may be used in a method of gene 
mapping by in situ hybridization which cicumvents he use 
of Radioisotopes. This procedure takes 
thymidine analogue containing biotin that can be incor 
-rated enzymatically into DNA probes by nick translation 
ff ter hybridization in situ the biotin molecules serve as 
antigens for affinity purified rabbit anti-biotin anti- 
bodies.' immunof lactescent antibody sandwiches made with 
fluore^cein-labeled goat anti-rabbit IgG allow for rapid and 

Pecfic cytogenetic localization of cloned gene ^ ences 
7s green-yellow bands. This method offers four ma^or ad 
vantages over conventional autoradiographic methods of in 
s t Tene localization; less background noise, an increase 
TTTesolving power between bands; a decrease in the time 
in resolving e~ hybridization; 
required t& determine the site of pr y 

1 u .„,nv stable hybridization probes. This 
and chemically stable .ny loca lization of 

*^~a h a , been applied successfully to tne 
method has oeen "ff^ , . n1vt .. ne chro- 

mo.ome o£ DTOSOEhUa ■ a Ua !! o aS SSS£ »»* 
mouse metaphase chromosomes. 

Thus it has been found that polytene chromosomes could be 
TZ s a test system for estabUshin, the ef icacy of 
probes usinc the modified nucieotides «»^»«*°^ 
instant invention as detected by indirect .mmunonuor 
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mu- orobes included a 
escence for in situ gene mapping. The prou 

variety of cloned Drosoohila sequences obtained from Otto 
Schmidt and Dieter Soil, such as tRNA genes cloned in 
plasmid vectors with inserts of sizes ranging from about 5 
to about 22 Kilobases. Many of these clones have already 
been assigned to specific bands on the Drosophila chromosome 
ma p by conventional in situ hybridization methods employing 
radioisotopes ♦ 

DN A probes were nick translated in the presence of Bio-dUTP. 
Occasionally 3 H dATP and/or *H dCTP was included in 
Nation reaction mixture. This allowed both autoradio- 
graphic and immunofluorescent localization of a se- 
quence on a single chromosone spread. In situ hybndx- 
zation was performed as described in M.L. Pardue, and J G 
L ! Methods in Cell Biol., 10, 1 • Aft ".^ flMl 

2 x SSC wash to remove unhybridized probe, the slides were 
rinsed with PBS (phosphate buffered saline) .and incubated at 
370 C with 2.5 ug/ml Rabbit anti-biotin in PBS and 10 mg/ml 
BSA for 2-16 hours. This was followed by incubation of the 
slides with FITC labeled Goat anti-Rabbit igG (Miles Labora- 
tories, diluted 1:100 in PBS and 10 mg/ml BSA) for one-four 
hours. Evans Blue was often required as a red counterstain 
to see the chromosomes with fluorescent illumination. 

When plasmids pBR 17D and P PW 539 containing 5 Kb and 22 Kb 
inserts, respectively, were hybridized by this method, it 
was found that, the pattern of hybridization is reproducible 
from sprea<fto spread and is observed unambiguously on _ 
oreater than 90% of the chromosome spreads on a given slide. 

The cloned transposable element P AC 104 is fcnown to map at 
ntany sites along the Drosoohila genome. Comparison of the 
autoradiograph and the fluorescent picture obtained by in 
situ hybridization of this probe illustrates a ma^or ad- 
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^ ^ ■ <=> that where diffuse regions o£ 



ing. 



„„t. to b. made by „ ^ ^ ^ 

I-™,.. This factor, in combination with increaseo 
!t™ I'tJs tl use of no=leoti,.» a«»cte„ by in- 

tion, makes tne use 4tBine diatelY preferable to mote 

direct immunofluorescence immediately pr 

classical methods. 

« bas bean sbown tbat tbis ^ ^ V 

<,°r «:» " "»i ba 3i = ^a^on £oc «- 

somes. \ Tne resuxi. * „, rtre dn C e for single 

a simple gene mapping procedure ^ * 
development of a simpa 9 „. omosomes from human and other 

practical ♦ ^ 

• 10 ste o "antibody sandwich" method in which the 

aener.t. suEf^ant £luor o»etri= si,nal can 
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monospecif ic, rabbit anti-biotin IgG, is chemically modified 
with a haptenization reagent, such as 2, 4-dinitrof luoro- 
benzene, preferably while the immunoglobulin is bound to an 
antigen affinity column (biotin-Sepharose TM) . As many as 
15-20 haptene (DNP) groups can be coupled to the primary 
antibody without decreasing its antigen binding affinity or 
specificity (Wallace and Wofsy, 1979). If the primary 
antibody treatment of the test' sample is followed by an 
incubation with a f luorescently labeled anti-hapten IgG 
antibody, rather than a f luorescently labeled anti-IgG, a 5- 
7 fold increase in fluorescence signal can be achieved. 
Since one also has: available monospecific guinea pig anti- 
DNP IgG, we can haptenize this secondary antibody with bio- 
tin and thus generate two anti-hapten IgG populations, DNP- 
labeled anti-biotin IgG and biotin-labeled anti-DNP IgG. If 
these can be used alternately to achieve several rounds of 
hapten -antibody sandwiching and then followed with fluor- 
escently labeled protein A from Staphyloco ccus aureus, which 
binds specifically to IgG molecules from many mammalian 
species, it could result in an enormous amplification of the 
primary antibody signal with its concomitant utility. 

The protein streptavidin from Streptomyces avidini is a 
potential alternative to anti-biotin IgG as a vehicle to 
specifically direct a coupled visualization system [e.g., 
fluorescent probes (above) or histochemical reagents (below)] 
to the site of the hybridized biotin-containing polynucleo- 
tide. One of streptavidin' s advantages over anti-biotin 
IgG is that its affinity for biotin is K assn = 10» whereas 
association constants for haptene-IgG interactions are 
10? to 10". The fast reaction rate and extreme affinity 
mean that the time required to localize the biotinized 
probe will be minutes with streptavidin versus hours with 
immunologic reagents- 
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«f a streotavidin detection system are 
lnitia \ S TZZ^ - oh.-—" hybridised ,1th 

currently in ^ inoubate d with streptavidm 

bi TTJTs7Z I nation .It. -vine a lb u»in 

biotlnyl -BS,, Since « ;ly :r; .-^o.. biotin . 

to each or the reeainin, three "^r.scence 
str.ptavidin-biotinyl nucleotide .^^"^i^s* 
signal £ro» tbl. single str.ptavidrn ♦ FITC. bxo y 
lay er will b. compared with a control 
-antibody sandwich method- described earlrer. 

single-copy copy sensitivity in aooroach since some 

— - -rrrirr: jrr.;. «... — 

of biotin groups on BSA will tavidin ca n be added 

of streptavidin, a secon * l ££ example, if in the 

until sufficient : signal i • bind to each 

second layer, only two 8tre ptavidin protomers 

first-layer BSA and. each of <*••• strep 

DT^r.biotinyl BSA molecules, tnen cn« 
binds three PliC-biotmyi ^ 

. ^~~oi fv will be twice as great as tnat 
layer intensity will ana iogous binding 

first layer; for the third lay 12-fold 

^ •«« hhe fluorescent intensity wiaj. 
^Hhenrst layer, so the total intensity -ill rapidly 

urease ^ ^^^^ such as 

of attached fluorescent and biotin probes I Y 

necessary to use ^-"^Vion «- 

probe and the carrier protein. A Mcttnized 

. • i-va. t-h»oretical delivery ° M 
sterically optimize the theoretic* 
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fluor.sc.nt carrier molecule to each nonconcured sw.ptavidin 
subunit and maximize the number of streptavidin protomers 
in the subsequent layer which will bind to the *iot«i»d 
fluorescent carrier. As before, appropriate controls will 
be done to insure that substitution of the carrier P«<".in 
with fluorescent probes and biotin does not cause solubility 
and/or nonspecific binding problems. 

The streptavidin-carrier protein delivery system has two 
significant advantages over the immunf luorescent approach 
in addition to its speed of delivery. First, only two 
protein components are needed to form the layers Second, 
only the carrier protein needs to be modified and it is 
not necessary to maintain functional or even total -tructur.1 
integrity as long as the biotin groups are accessible to 
streptavidin. 

An alternative to the fluorescence method for visualizing 
"yb di ed probes is to direct enzymes such as 
ine phosphatase of S-galactosidase to the 
Te Zrl enzy.atic conversion of soluble substrates o 
insoluble colored precipitates permits light microscope 
visualisation. The important advantage of this technique 
Is that the histochemical methods are 10 to 100-fold more 
sensitive than fluorescence- detection. In addition, the 
colored precipitates do not bleach with extensive light 
ensure thus avoiding one of the general disadvantages 
of fluorescent light microscopy. These enzymes can be 
coupled to the final antibody instead of f luoreSCen ^ r0be * 
in L "haptene-antibody sandwich" technique using bifunctional 
Tea ents such as glutaraldehyde or in the case of p.ro»d... 
via oxidation of the peroxidase carbohydrate moieties to 
via oxiaat residues with e-amino groups 

aldehydes and coupling of these resia , d 

of the desired protein. For the streptavidm-biotmized 
carrier protein method, an enzyme with biotinyl groups 
, a lo it could replace a f luorescently-biotinized 
c^ii: syUem! ° "terLely, the enzyme could be coupled 
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via biotin to the last layer of streptavidin with amplification 
of streptavidin sites being built up in preceding layers 
using biotinized BSA o, thyroglobul in . We will begxn develop- 
ing the necessary historical .reagents and the appropriate 
substrate/insoluble product combinations for 
in .itu hybridizations without background problems ™ 
taTl^ture. The histochemical approaches to signal ..plifxca 
tion should therefore be ready for trial in the summer 
of 1981. 

Detecting and/or imaging very low levels of fluorescent 
U Z "possible using currency availably . image .ntens, xers 
or systems composed of lasers and photomultxpUers These 
m ethod S permit the detection of light down to the level 
Z individual Photons. With suitable digital processing 
systems, images can be produced in which each point, .e 
each Pixel, of the image is strictly proportional to the 
umber Tf photons emitted by a point at the ; object sing 
systems of this kind or flow systems xn which the cells 
or parts of cells flow past a laser beam, one can obtain 
detection sensitivity increases for fluorescent material 
o£ factors between 100 and 1000 beyond that which can be 
dieted by the eye. This increase is sufficient to detect 
the fluorescence of single copy genes. 

In , preferred modif ication, analogs of dUTP and OTP that 

t.ir, biotin molecule covalently bound to the C-5 posi- 
t 8 f zhelUidine r.ng through an allylamine lin*e ; : 
have been synthesized. These biotinyl-nucleotldes are ef 
ficient substrates for a variety of DN* and » polymerases 
ln vitro. containing !o« levels of biotin substitution 

fsol^ecules or iessAilobase, has denaturation , reassoc- 
ation and hybridization characteristics which .«. ^indis- 
tinguishable from that of unsubstituted control 

Thus this invention also provides a method of chromosomal 
faryotyP ng. In this method, modified polynucleotides are 
p^epa "d 1 correspond to Known genes and indude mod- 
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, These polynucleotides are hybridized with 

fied nucleotides. These poiyn cesult i n g duplexes 

chromosomal deoxyribonucleic add an th r.s 9 

;r.::.n:r^ r — ••••• 

thereby fixed, 

poly R -c=„tainin, seances u, n g poly UJ» ^ ^ 
th e uracil ""'^r„v; iv « cy=l c »ai £ie d nucleotides In 

of ^ -are — to «o« - cyclic -Ut, 



„ 1ls can be diagnosed by preparing poly- 

r^Viar::rr; n odi f i e d ~ - :r 

and are complementary to. the messenger ribonucleic acid 
synthesized from a deoxyribonucleic acid gene sequence 
Eclated with the production of pdyp.pt!*... such 
as a-fetal protein or carcinoembryonic antigen, the pres 
ence of which is diagnostic for specific tumo, : * 
Tidization and detection of hybrid duplexes thus would 
provide a method for detecting the tumor cells. 

The examples which follow are set forth to illustrate ■ v.r- 
Trie exdiHfj.ca u, 1t . ar e not intended 

ious aspects o£ th. present xnvent.cn b « ~ 
to limit in any vay its scope as more particularly 

in the claims. 
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■p v afflnl g 1 and 2 
thesis o£ b^ nvl - OTP and biotinyl - dUTP 

a) g yration of M^curated Nucleotides 
UT P (570 mg, 1.0 mmole) or d UT P 554 mg, 1.0 -ole) was 
absolved in 100 ml of 0.1 M sodium acetate buffer PH 
6.0, and mercuric acetate (1.59 g», 5.0 -oles) added 
The solution was heated at 50 'C for 4 hours, then cooled 
Ti e lithium chloride (392 -g, 9-0 -oles) was added 
° a n „d the solution extracted six times with an e^ual vo _ 
ume of ethyl acetate to remoye excess HgCl 2 . The ef f 
ciencyof the extraction process was monxtored by estx 
mating the mercuric ion concentration in the organic 
lavtr uSng 4, 4' -bis (dxmethylamino)-thioben Z ophenone 
<Z7 Chriltper, Analyst, 94, 392 (1969). The extent 
(A.N. Chrxsrope dete rmined ■ spectrophotomet- 

of nucleotide mercur at ion, de termx ^ P ^ 
rically following iodxnatxon of an aliqu 
solution as described by Dale et al. (R.M.K. 

, , p. Martin/ Nuclexc Acid Res. 

came cloudy durinc the ethyl acetate extraction, -are 
^iPitated by the addition of three volumes of 
VZ .^01 and collected by centrifuc.tion. The pre- 
cipice was washed twice with cold 

2. with ethyl ether, and then air dried «>e»e thus 

^^ fl/ a nucleotides were used for tne synui 
prepared mercur at ed nucieo^u« ouri . 

^ . ^--vM^s without further pun 

sis of the allylamine-nucleotxdes witno^ 

f ication. 

b) of allvi™^ - «™ all Y lamine_^UTZ 

The mercurated nucleotides (of step a) were f * 
0.1 M sodium acetate buffer at P H 5..0, and adjusted to a 
concentration of 20mM (200 OD/ml at 267 nm) . A fresh 2.0 
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was prepared by slowiy ^ acetic acll. Three ,1 

tc 8.5 ml of ice-coW 4 M acetic ^ ^ 

(6 .0 mmoles, °f <*• " eatral " e !.^o^=n. 0"= »"= le °- 

to 25 ^ t . 5 rr , - - 

tide equivalent of K 2 *a 4' < initiate the 

a «i of water* was then aaceti 

Ventron, the solution cradually turned ^ 

«" - *»j r >£ e ;>ZZZ at rJUerature for 
ac ti=n vessel. „„ pas5ea through a 

18 - 2 4 hours the to Eemove most of the 

0.43 mm membrane filter in £il trate was 41- 

remainino metal J? £ A column of DEflE- 

lu ted five-fold and appUadto a 100 ^ ^ 

seph.de, » <- r ^ fauffer at pH 5 . 

column volume of 0.1 * linear . gradi - 

e„t (0.1-0.6 Ml of either s ? ,. me 

« triethylammonium ^"^'^absorbln, portion 
oesired product was m „ ^ S p e =tral ana- 

vhich .luted between 0.30 and 0 . pto a«cts, 
ly3l5 showed that this P"^^^^. phase - me 
final purification was achxeved ^by _ ^ ^ 

Crematory on ~*£- "*J" 3 \ (analy tical separations, . 
O.SH Ha 4 H 2 P0 4 butler * , t pB 4.3 (preparative 

or 0.5 M triethylammonxum ''J^^ » £ 5 " 

e'eparations) as eluents.^ al wlamine adduct to 

C, -aminopropen-l-yl) uridine (th £to „ th . hplc 
Udine, were «- \>:\ZT° e ™Z L* as yet uncha- 

: column and they were nucleot ides were charac- 

ractarUed. contaminants. Thase tAA . aoxp <c 

terlsed by proton « elemental ana lysxs « 

-x. -3 o M »v-/' c = ; 2 ! 8 ;/ 8 . - ».». 

6 T68; P, 14.77. Found ' C ' 
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m O p Na 4 .4H-0): Theory, C 20.61; 
o) BiotinatiorLof^^ 

Biotin^.«-»^«^^^ pre viously (B. Heitzmann 
£r om biotin (Sxgma) as descrxb P ^ 

and P.M. Kichards, ^ ^ole) or ^-OTP^O 

11974]). Ai.-dUTP.H20 <« «», ^ ^ K sodiim 

(70 mg, 0.1 mtnole) was ^ssolved xn 

bora te ^^"iSi. - added. 

dissolved in 2 ml o£ tefflper ature for four 

reaction mixture was ^ . 30 ^ column of 

hoU rs and then loaded °' 1 M ^ 

0EA B-Sephadex TM A-25, P"** a 400 ml linear 

at p H 7.5. The -^^^^ons containing 
gr adient ^\^^ t ^ch eluted between 0 55 
biotinyl-dCTP or ^ by rotar y evaporation xn 

a „d 0.65 M TEAB, were deSal * e * * olved to water. Oc- 
«- — 1^^=^— was obtained: this 
caionally a slxghtly * some ^ solutions, 

turbidity, due to a » ^ 

wa8 reeved by *"*^Z2S£* *~ — * *° 
long term storage, the nucleo ^ ^ pre . 

soai »m salt by ^^Ttl Ju After filtration the 
sence of Dowex TM addition of ^ee vol- 

nucleotide was P recipitat ^. & ; ith ethy i ether, dried xn 

of cold ethanol, washed with y ^ ^ ^_ 

vacuo over sodx r the nucleotide so- 

sicator at -20 C. For ? . 5 , and adjusted 

lution was made 20 mM xn £ 5 ^ st0 ck solu- 
» a final nucleotide -ncentratxon 
tions were stored frozen at -20 C- 

■, 4. n f the bio-dUTP and bxo-UTF pi 

Elemental analysxs of th dOT3? ( c 22 H 30 *5 

yielde V h ;ari°^. T-retical, C. 23.30, H, 3.33, 
Oia P3 Si Na4- 1 *2 U ' 
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„ 7 „. P, 10.47, S. 3.61. found, C. 30.14 H.3.22, S, 
"'„; P 1 .31, 3.70.: Bio— <C„ H 30 .. 0 19 P3 Si 
« 3 ; 2 0,: Theoretical, =, 29.15, » . 3 19 , » . 7 .« , 

,,9.89, S, 3.41. Found, C, 28.76, B, 3.35, », 7.68, 

p, 9.81, S, 3.32. 

The spectral properties of bio-dUTP and bio-OTP « P* 7.5 
fx Zx. 289 nm ( • - '.WO), » max, 240 . ( « -"'™>' 

. • •>« _ I ,=4,300)1 reflect the presence of an 
eLe^c ou^e-bond In citation with the pyridine 

nucleotide, also ^Xr^- 
action (an orance-red color) when treated with p 

cure 1970K However, they no 

Roth, Ana!, Biochem., 3£. 326, reaction 
longer react with ninhydrxn, a characterist 
of the AA-dUTP and AA-UTP starting materials. 

Examples 3 and .4 

T fhM18 o£ bl0tinYl CTP _ , , with allyla- 1 

CTP and dCTP were a) mercurated, b) reacted 

°^e, and c) biot^ed wit* --blot* essentially ^ 

^llved In 20 -1 of 0 1 » 

acetate ~ ^••^STJtS. 

am. 0.5 mmoles) added, me a«x 
(0.159 g», u ^ . ce> Lithluro 

^73^ 

extracted 6 times with ethyl acet fey ^ 

products in the aqueous layer were pre p 

Edition of three volumes of ~1« ^ ^"e 

cipitate collected by ^"f^ethyl ethfr! - a th °" 
was washed with absolute ethanol , s ^ 
air dried. These products were used without further 
purification for the syntheses of AA CTP an 
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respectively. The wrcur.ted nucleotides were absolved 
iH 1 M sodium acetate buffer at pH 5.0 and adjusted 

olenLtion of 10 tnM (92 OD/xnl at 275 n») . 0.6 
to a c -entr t on allylamine ace tate stock (pre- 

of K~PdCl4 mg, -.tore for 24 hoars, 

>>,n After standing at room temperature tor 

f!!L was filtered through a 0.45 m« membrane to 
the solution was Ellt-re diluted five- 

rM »ve metal precipate. »'"^.2 M1(tiai , & -25. 
fold and loaded onto a 50 ml- column of DE P 

presorted wi« > 5< > - £» p £ t ^/^O ml lin- 

P " dUO a:irt e ( of-0 6 M =7 IE Ib at pH 7.5. The desired 
ear gradient (0.05 0 p<)rtion whi=h elu ted 

product was m the • , les „ ere de- 

between 0.28 and 0.38 M salt. _Th. po • « ie thyl- 

... « trieth.lemmoni- ^^J^^ . 
STZ ~ prides were ^erted. ^ 

Oiumesof ^^.^lytical results-. -dCTP 

' " A V 14 40i round C. 22.16; B. 2.89, «. 

V"'. U ; <=12 17 "4 014 -4- 2H 20>1 

8.77, P, 14 18 - p l4 ._ ol , pound , c, 

Theory C, 21.75. B, 2 .3 • ' al proper ti.s 

22.03! H, 2.47; H, 8.63, If, .,„,„(■ .6,400), 

ta 0.1 « Borate buffer at pH 8.0, » max 301 ™ 

i „i„ 271 nm ( « -3,950) X max 250 nn ( c 9,'" 
^CXP and «-CTP give a positive ninhydrin test. 



1223831 

-44- 



aa-ctp «... o.oi « --^ b :: a :;:; ^ o f ;: l a ^ 1 H e, 

, • c ™i nf 0.1 M sodxum borate _uij-__ 
was dissolved xn 5 ml of O.i » disso lved in 0.2 

8 5 and NHS-biotin (3.4 ag, 0.01 mmole) , dxssol 
8.5, ana ~ ^^^^ After sitting at 

of d-aethylfornamide, »« ad «*■ " ^^tographed 
roon, te»perature for 4 hours the sample was oh* « 
on a 10 _. ool— of »»->. *-a 5. » * 
linear gradient <».l-0 > « o ^^1^, „ hich 
motions conta ™ ^ _ pooled , halted 

eluted between 0.50 and °- 6 adjusted to a final 

by rotary -aporation . ^nd . ter * ng^ ^ 
c=noen«»t 1 on o * ^ , a strong positive 

wa r. fr o,en at "« =; ^ ^WU-— ** *» 



Examples 5 and 6 



ssssr^.-i-. -•^ = ^TSa v. du 

scrli ed previous^ ^7;-* M1 , K . aoto a„n 
vigneaud. j Bxol.cn .__. ^ M _ hy . 

and a.E. Axelrod. W*. ill- * ininobiotia was prepared 
droxysuccin_u.de (BBS) ester synthesis 

using the protocol prev a ~ f toeB . r „ . P t oc. «.t. 

- „• (H. Hextzmann ana r 

of HHS-Bxotxn IH. 0mgf Q . 01 

A cad. Sci. USA, .71, 5537, 1974 >• prepared a s de- 

xamole) or AA-dUTP (6.3 mg, disso ived in 5 ml of 

tailed in example 1 (part b) , was d NES , iminobioti „ 
0.1 m sodium borate bu fer at P H 8.5, an 
(3.5 mg, 0.01 mmole), dxssolved in 0^5 ml^ ^ 
formamide, was added. The "^""^^ directly 
r oom temperature for 12 hours and then loaded 
onto a 10 ml column of DEAE-Sephadex A-25, preeq 
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* «n 7 5 The column was eluted with 
with 0.05 M TEAS at pH 7.5. The Pract ions 
a 150 ml linear gradient (0.05-0.6 M) of TfcAa 
contain^ ininobiotin-™ or ^ ^t^tld * ~- 

tarv evaporation in the presence 01 

in H 2 0. The products contained a small amount of allyla 
^nucleotil adduct as an ^ puri- 

v oos itive result in the ninhydrin test. Final pun 
weak positive res a££inity chromatography on av*dm- 

•Pication was achieved by atrmmy w 

£lC 1 Fractions of the impure product, made 0.1 M m 

aiuB hydroxide pellets ^ » K " ^ "s , as well 

products were characterized by elemental analys 

" by spectral and =hro»oto g raphi= properties. . 



Examples 7 and 8 



.„ ^ „ of NArF-TTTP and tTAGS-dUTP . ted NAGE , 

£^^mino-2-hydroxy-> propyl ether, ab breviat * 

from allyl glycidyl ether (Age) (obtained 
was prepared from allyl g y was 

fro m Aldrich ^-f £ ^^; od 50 ml of 9 M -nonium 

add ed ^owly Un a^um ^ ^ gtand at room t«p«.- 

,V ^.^.rSr... -onia was removed by rotary 
-tiire for six noutb. v ^ia a viscous yel- 

lo w oil. ^ 8 "«* * * fl structure . 5-mer=uri-dUTP 
tha t it possessed ^ ^ was disso lved in 

(0.1 mmole) or 5-mercuri UTP iu H 5>0 , and a 16 

2-4 ml of 0.2 M sodium acetate buffer at P H 
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5.0 with 



™ 0 lar excess of NAGE adjusted to pH 5.0 with 
fold molar excess final reaction 

. r ( or to use, was added. me iin«*j- 
acetic acid prior x.u u=<=» ^^frstions 

r.cteristic »« -f^^^SLltoU* 

pooled, diluted, and further punrie * 

elemental analysis, tne p results: Nage-dUTP 

sodium salt form. Typical ^f^^^ c , H. 3.6 

• <C 15 H22 *3 016 P 3 ^ c 25 3, . H, 3.71; N, 5.63; 7, 
N, 5.83; P, 12.88. Pound, C 25.39, ' 

12.88 

e xample 9 

of label -* ™* Sequences 
I, KAryotyping ... „ v some 10 0 to 200 clones. 

«.) — - ^ si ^rir— *~ 

^ the. "JT^^**^*** visually « with a 
it. place or places of Byr> whioh 
low-light-level video system, for tho ^ 

» « uniaue sequence gene this aew 
correspond to a unique h „- ticular human chromo- 

location of the cloned DNA on a particular 
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sons • Obtain several clones for each *r-D«~«^ 
„f these labeled clones can be used to identity particu 
tar Trloso.es. They can also be used in conation 
t identify each or the U - ^ ^ 

and will flouresce with a particular color. A sec 
and wiax reacted with a 

of labeled clones could then be used a repea ted 
second fluorescent dye. The same proces s can be repeat 
,, nf times thus one can, if desired, have sev 
^ 3 f Quiescent labels attached to the cellular 
a t different but specific location, on each of the 

computerized automatic karyotyping. 

w For automatic karyotyping, one could us. one set of 
,. <*.„tifv the approximate location of each of 
clones to identify the W corresponding 

the 46 chromosomes W^J^ .ach chromosome. Thus, 
to the number of labeling «■*•• » digitized images 

it is possible by computer analysis of the , 
j ^-,i„ e if the chromosomes are suitaDxy 

Z = J=T W -r 1^" distribution of the 
labelled spots on each one. 

• fact that the fluorescent spots can be placed 

By us.no the fact th chromosome , one can carry out 

s*r£^«-~-* ~ ing very rauch more 

effectively than without such labels. 
„. Dia 5 no J is_^en^^ 

By selecting the clones which bind specifically to a 
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particular chromosome, such as number 23, it is possible 
to count the number of copies of the particular chromo- 
some in a cell even if the chromosomes are not condensed 
at metaphase. Thus when fetal cells are obtained for 
prenatal, diagnosis of trisomy 21, the diagnosis can be 
done even if the chromosomes are not condensed at meta- 
phase. If necessary, two sets of labels can be used- 
one which would be specific for chromosome 23 and one for 
some other chromosome. By measuring in each cell the 
ratio of the two labels, which might be of different 
colors, it is possible to identify the cells which show 
an abnormal number of chromosomes number 2 3. This pro- 
cedure could be used either on slides with a low-light- 
level video system or in a flow cytometer system using 
laser excitation. It can be used to determine any ab- 
normal chromosome number. 

HI. Microogranism Detection *nd Identification 

The Labeling of specific sequences of DNA as described 
above permits identification and counting of individual 
bacteria, in order to identify the individual bacteria 
to which a particular fragment of DNA hybridizes the sensi- 
tivity must Le such that a single labelled structure can 
be detected. This can be done using a low-light-level 
video system and computer summation of images, or by 
using some other device for intensifying the light image. 
A flow system can also be used if the sensitivity can be 
rcade sufficiently grand. If one immobilized the bacteria 
on a slide their location could be found and the number 
of such fluorescent spots counted. This would provide a 
count of all of those bacteria which contain DNA which 
can hybridize whith the specific clone utilized. If the 

Lis selected as being specific for a particular strain 
or bacteria, then one can count the nurrfcer of organisms of 
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more 



that strain. In addition, any antibiotic resistance for 
which a particular gene has been identified could be 
characterized in a similar way using, as a probe, the 
DNA sequence which is contained in the antibiotic re- 
sistance gene. In addition, a probe could be used which 
is specific for a resistance plasmid containing one or 
antibiotic resistance genes. In addition to individual 
bacteria, groups of bacterial cells of a particular 
strain can be detected and their number estimated if 
they are located in a small spot so that the total flu- 
orescence specific to the hybridized DNA in the spot can 
be measured. In this way the number of organisms con- 
taining a specific DNA sequence can be measured in a mixture 
of bacteria. 
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B y way of additional background with respect to the 
utilization of the biotin-polynucleotides of Langer 
et al, Proc. Natl. Acad. Sci. USA , supra, the publi- 
cation by P. R. Langer-Safer, M. Levine and D. C. 
Ward in Genetics entitled "An Immunological Method 
for Mapping Genes on Drosophila Polytene Chromosomes", 
describes a method employing biotinated nucleotides 
as a probe for the localization of DNA sequences 
hybridized in situ to Drosophila polytene chromosomes. 
In this application these probes are detected using 
affinity purified rabbit antibiotin antibody as the 
primary antibody and fluorescienated goat antirabbit 
antibody as the secondary antibody. 

Other techniques employing biotin-labeled reagents 
with avidin or enzyme-labeled avidin reagents are 
known for the detection and determination of ligands 
in a liquid medium [See U.S. Patent 4,228,237]. 
Also, it is known to effect gene enrichment based on 
avidin-biotin interaction, particularly as applied 
to Drosophila ribsomal RNA genes [See J. Manning, 
M Pellegrini and N. Davidson, Biochemistry, Vol. 16, 
No. 7, pages 1364-1369 (1977)]. Other publications 
of background interest with respect to the practices 
of this invention are D. J. Eckermann and R. H. Symons, 
"Sequence at the Site of Attachment of an Affinity- 
Label Derivative of Puromycin on 23-S Ribosomal RNA 
of Escherichia coli Ribosomes", Biochem , 82, 
225-234 (1978); S. B. Zimmerman, S. R. Kornberg and 
A. Kornberg, "Glucosylation of Deoxyribonucleic 
Acid-II -Glucosyl Transferases from T2- and 
T6-Infected Escherichia coli ," Vol. 237, No. 2, 
(February 1962), 
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and the article by J. Josse and A. Kornberg -III. «- 
and/?-Gluco S yl Transferases from T4-Infected Esche^chia 
coli-. also appearing in The Journal of Biologica l 
Chemistry , Vol. 237, No. 6, June 1962. 

Of further interest in connection with the practices of 
this invention are the publications appearing xn the ^ 
Biol. Cham.. Vol. 236, No. 5, May 1961, pages 
I^lI^Tthe same publication. Vol. 237, No. 4, pages 
1251-1259 (1962); the same publication Vol. 239, No. 9, 
pages 2957-2963 (1964). Of special interest is the 
article appearing Journal of 542*226=4^ ^ 

c ytochemistry . Vol. 27, No. 8. pages 1131-1139 1979) 
and in the publication Nucleic Acids Research, Vol 5 
No . 9, 1977, pages 2961-2973. Also of interest i the 
article appearing in the publication Biochimica et_ 
Acta by A. oe Waard entitled "Specificity 
B^een the Hydroxymethylcytosine Ao ucosyl- 
Transferases Induced by Bacteriophages T2, T4 and T6 
pa es 286-304, and also the artide by T. „. Nor h and 
C K. Mathews entitled »T4 Phage-Coded Deoxycytidylate 
Hvdroxymethylase: Purification and Studies in inter- 
m olecular interactions", published by Academic Press 
1977 pages 898-904 and the article by E. A. Bayer and 
M WUche* entitled "The Use of Avidin-Biotin Complex as 
a too! in Molecular Biology in Methods of B^ochemxcal 
Analysis, Vol. 26, pages 1-45 (1980). 
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Other techniques useful in the practices of this 
invention include nick translation of DNA employxng 
DNA polymerase. A technique for effecting nick 
translation is disclosed in P. W. Rigby, M. Dieckmann, 
C. Rhodes and P. Berg, "Labeling Deoxyribonucleic 
Acid to High Specific Activity in vitro by Nick Trans- 
lation with DNA Polymerase," J. Mol. Biol., Vol. 113, 
237-251 (1977). K . Hofmann, S. W. Wood, C. C. Bnnton, 
j. A. Montibeller and F. M. Finn, "Iminobiotin 
Affinity columns and their Application to Retrieval 
of Streptavidin, » Proc. Natl. Acad. Sci. USA, Vol 77, 
No. 8, pp. 4666-4668 (1980), discloses a suitable 
approach for the recovery of streptavidin from a 
streptavidin-containing material, such as from a 
culture broth of Streptomyces avidinii. Streptavidin 
is useful as a reagent in one of the practices of 
this invention. 

SUMMARY OF THE INVENTION 

in accordance with the practices of this 
invention nucleotides are modified, such as at the 5 
position of pyrimidine or the 7 position of purine, 
in preparation for use in the construction of 
nucleotide probes suitable for attachment to or 
incorporation into DNA or other nucleic acid material, 
in the practices of this invention nucleotides, i.e. 
nucleic acids, preferably are modified in a non- 
discruptive manner such that the resulting modified- 
nucleotides are capable of incorporation into nucleic 
acids and once incorporated in 
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nucleic acids the modified nucleotides do not signif- 
icantly interfere with the formation or stabilization of 
the double helix formed of the resulting nucleic acids 
containing the modified nucleotides. The non-disruptive 
modification of nucleotides and nucleic acids incorpor- 
ating such modified nucleotides is in contrast with 
those modifications of nucleotides which are character- 
ized as a disruptive modification in the sense that the 
resulting disruptively modified nucleotides and nucleic 
acids containing the same block proper double helix 
formation. In the practices of this invention, the 
nucleotides are desirably modified at the 5 position of 
the pyrimidine or the 7 position of the purine. The 
nucleotides so modified are non-disruptively modified 
and nucleic acids containing such nucleotides are 
capable of forming a double helix arrangement. 

Broadly, in another aspect of the practices of this 
invention various methods are useful for the tagging or 
labeling of DNA in a non-disruptive manner. For 
example, biotin is added on the end of a DNA or RNA 
molecule. The addition of biotin is accomplished by 
addition of a ribonucleotide. The 3 ',4' vicinal 
hydroxyl groups are oxidized by periodate oxidation and 
then reduced by a borohydride in the presence of biotin 
hydrazide. Alternatively, carbodiimide can also be used 
to couple biotin to the aldehyde group. 

Another technique for tagging nucleic acid material such 
as DNA or RNA involves the addition of a large marker to 
the end of a DNA or RNA molecule. One example of this 
technique is the addition of a molecule, e.g. lysyl- 
glycine, where the amino groups are tagged with biotin. 
Another example would be to follow the procedure set 
forth hereinabove but employing carbodiimide as the 
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technic »» M - to Pccauce o i^ ^ ^ 

double helical polymer and t 9 invention, 
the probe prepared in accordance wit 

M - for ta^in, ~ l^-^r 1 '* 

ma „„.r in,o!ves the ^-"J ^ 7 ion £co l psia or 
pu tricine or ^^^Z^ L. — — 

phaoe-infected cells. It £o llo«d by 

pbao. DBA and phosphorylated » mea „ s o£ 

Edification of the polyamine aid. chain oy 
7tand.rd -oleophilic rea,ent »HS-biotln. 

mother technic ... ~ ^T^o£ 

.ann.r "-^f^ i ^-^ pha,, 9l ^ lya - 

based assay. 

u a ,„ taacing DMA U a non-disruptive 
S tiU another -f^^^^U. mi da fro* the 
m ar.„.r Led by pho.pbcryl.bion of the 

bydroly-ia of « DNA then . n<=ocpocllted lBM DKA 

5HMCW to 5 HMCTP. SHM ^ ^ „ 

A method for ta^in, 0»A « 

solves reacting "-""/^Vr „a«ple ban.Co.py- 
£ or* with alkylating r .gent ~ 

C .na diol epo»d. ° ^ Qantne , the »< , t oup of 
conditions be H , P ^ alkylate c 

adenosine or the H 9 P dite =tly detected with 

Th .s, ™^ i£i ' a ;; n Cl 6 r ed as lin^in, ar„s for the 

IdditTof °I — - - — 
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■nnc+rative of various 
The following examples ate illustrative 
ine j-^j. . h :c invention: 

embodiments of the practices of this 

EXAMPLE 1 

Biotm 10.2 9. catbodim iae .0.219. 

at* diMthylforrwuma.. Dieyclo y 

X.. -1) - "-W"-^ 1 ", ^ L it 7« tw«.««« 

„„ aaaea a „a ». so . n .«.«. subsequent 

for „ hour,. Aft., fxl evapo „ tea at le au=ea 

precipitate, the fillt.t 9than ol and 

reccovered from hot xsopropy 216 - 2 i 8 °C. 
crystalline product having a ».p. of 

EXAMPLE Ij. 

follows: A solution of 1,6 diamine 8#5 
«*>. dissolved in SO mister . ^ ^hydroV 
by addition of - r bon -oxxd ^ „ 

succinimide ester (100 mg , o ^ ^ 

ml dimethylf oroide, was ^ ^ and tne resid ue 
temperature the mixture was a dessica tor. 

washed with ether and subsequently dried 
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EXAMPLE III 



Polybiotinylated poly-L-lysine was prepared by the 
following procedure. Polylysine (100 umol lysine) 
dissolved in 2 ml 0.1 M sodium borate, P H 8.5 was added 
to biotinyl-N-hydroxysuccimide ester (17.5 mg , 50 umol) 
dissolved in 0.5 ml din.ethylforma.ide. After stirring 
at room temperature for 18 hours, the mixture was 
dialyzed against 10 mH tris buffer, pH 7.5. 



EXAMPLE IV 

Oligodeoxyribonucleotides were end-labeled using 
cytidine-5. -triphosphate and terminal transferase . .. 
follows. Purified phage DNA, alkali sheared 0.2 N 

sodium hydroxide and diluted to 2 A 260 unxts/m in 
potassium cacodylate (0.1 M) , tris base (25 mm) , cobalt 
chloride (1 mM) and dithiothreitol (0.2 M) .were used- 
To this DNA solution (1 ,1) was added cytxdin.- -tr 

phosphate (10 mmol) and terminal transferase (200 unit.) 
pnospna v the reactlon 

After incubating at 37 tor 
was stopped by the addition of neutralized phenol (100 
^ o!" M EDTA (100 ul) and 1% sodium dodecyl sulfate 
(100 ul). The DNA was purified by gel filtration 
chromatography through Sephadex G-100 followed by 
precipitation with ethanol • 
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EXAMPLE V 

Blotln >»a polybiotinylatea p.ly-L-ly.ln. were coupled 

_3 ^ ^ nQrr ibed by Halloran and ParKer, ^_ — . 

procedure descrxbed y x ml> « n 

«/• oil As an example, dna \a »y/ 

uis L " pil ..2. „Uh O.i H 

coolin, in "^ lw ate a poly-L-lyeine 

1,. 64 »» ««. aaa.a..na the P H "justed to B.2. 
!!t.r 24 hours at room temperature in the dark, the 
After 24 „ „, ttis bu££e rea salrne. 

mixture was diaiyzea c*ya*i 
DNA was precipitated ethanol. 

EXAMPLE VI 

Biotin, conjugated to cytochrome C was prepared by the 
J ^ solution of cytochrome C (10 

following procedure, to a 

v • n mi of 0 1 M sodium borate, pH 8.5 was 

1 ml dimethyl formamide. After no 

.v. Ki^invlated protein was purified by gei 
ture, the biotmylatea P r e pohade x G-50 column, 

filtration chromatography through a Sephadex G 
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EXAMPLE VII 

Formaldehyde coupling of cytochrome C-biotin and 
polybiotinylated poly-L-ly.in. to oligodeoxyr. on - 
ti«.. were carried out using a method 

described by Manning et al , Chromo soma , 53. 107 (1975) 
0 igodeoxyrLonucleotide fragments obtained by sodium 
h dioxide shearing of purified DNA ,100 ug/m xn 10 -M 
tLthanolamine, pH 7.8 were denatured by box , tor 10 
mi nutes followed by quick cooling in ice. Cytochrome C 
biotin 0.05 g ml or polybiotinylated poly-L-lysxne 
solution (0.05 ml) dissolved 3 mg/ml in 10 mM tr.ethan- 
olamine, P H 7.8 was added to 1 ml at the 
oligodeoxyribonucleotide solution along wxth 0 1 ml of 
6% formaldehyde in 10 mM tr iethanolamxne , P H 7.8 After 
stirring at 40° for 30 minutes the mature was dxalyzed 
against the same buffer. The oligodeoxyr ibonucleotxde- 
Sotm complex was finally purified by gel filtration 
chromatography on Sephadex G-100 followed by precipxta- 
tion from ethanol . 
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EXAMPLE VIII 



Double stranded polydeoxyadenylic acid -.polybiot inylated 
deoxyuridylic acid was synthesized as follows. The 
double stranded oligonucleotide polydeoxyadenylic 
acid:polythymidylic acid (20 ug) of length 300 basic 
pairs, dissolved in 200 ul exonuclease III buffer 
consisting of Tris-HCl pH 8.0 (70 mM) ; magnesium 
chloride (1.0 mM) and dithiothreitol (10 mM) was 
incubated with 100 units exonuclease III for 20 minutes 
at 20°C. The partially digested oligonucleotide was 
immediately extracted with phenol, and the DNA was 
precipitated with 70% aqueous ethanol . The partially 
digested oligonucleotide was redissolved in 20 ul 5mM 
tris-HCl pH 7.6 and incubated at 20°C. for 2 hours in a 
reaction containing 2'— deoxy- adenosine-5 • -triphosphate 
(15 uM) thymidine-5* -triphosphate (the amount determines 
the degree of substitution) and biotinylated 5-(3-amino- 
1-propene) 2 ' -deoxyur idine-5 ' -tr iphosphate (5 uM) , 
Klenow DNA polymerase I (200 units) dissolved in 0.1 mM) . 
potassium phosphate, pH 8.0 at a concentration of 0.2 
units/ul. The biotinylated poly dAipoly dT, biotinyl du 
was purified by gel filtration chromatography on 
Sephadex G-100. The DNA was enthanol precipitated and 
redissolved in 20 ul of solution containing sodium 
acetate pH 4.6 (30 mM) , sodium chloride (50 mM) , zinc 
sulfate (1 mM) and glycerol (5%) . Si nuclease (200 units) 
was added, and the reaction was incubated at 37° for 10 
minutes. The reaction was stopped with 1 ml ammonium 
acetate (4 M) and 6 ml ethanol. The DNA was repurified 
by G-100 gel filtration chromatography and ethanol 
precipitation . 
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EXAMPLE IX 



Ration .« poly a».p.iy «. bi«i»yi « » 

! was accomplished as follows: UNA 

inTa^te VIID were algesia with Sl nuclease and 

:S by PH.no! ana ethanol pracipi a- 

tion. Blunt ended o»A £t a g „ents (1 »9 
„. biotinyl a. (3 «, ^.1- 
^"de". "d^r^phosphate 
oithioth.eitol (1.0W>. T 4 DBA liaase (5 0 unxts, was 
added and the volume brousht to 20 «! with water. The 
feaction .as incubated 3 hours at 37°C. The » «. 
; u i/ied by ,el filtration chromatography through 
Lphadex G-100 and was .thanol prec lpl tated. 



EXAMPLE X 



o. ^oxvcvtidylic acid was prepared by 

^ZTiTZ °lys U T/non Jycosyiated pha 9 e T 4 
enzymatic nyaiui^o^ tris 
,uri £ ied Ph.,e P»A (> . ai- ved „ . 1 » » - ^ 
„ H 7 4 and 10 mM magnesium chloride, 

pH 7.4 ana •»■ Q Th pH wa s 

Snake venom phosphodiesterase (0.05 g units 

hours. An adaitioi Nucleotides 

were separated by gel a-oxvcvtidylic acid 

, j e a 5-hydroxymethyl-2 , -deoxycytioyj-J- 

r^T«« « — Phase hi,h pressure li^id 

chromatography. 
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EXAMPLE XI 

5 _ ( 4-aminobutylaminomethyl)-2--deoxyuridylic acid was 
obtained by enzymatic hydrolysis of OKA fro, phage 0W- 
14 The phage was grown on Pseudomonas acidoyorans 29 
according to Kropinski and Warren, Gen. Virol. 6, 85 
(1970), and the phage DNA purified according to Krop.nsk, 
et al, Biochem. 12, 151 (1973). The DNA was 
enzymatically hydrolyzed with deoxyr ibonuclease I and 
snake venom phosphodiesterase using the procedure 
described elsewhere (Example X) . 5- (4-aminobutylammo- 
me thyl)-2'-deoxyuridylic acid was purified by reverse 
phase high-pressure liquid chromatography. 



EXAMPLE XII 



Biotinylated-5-(4-aminobutylaminomethyl)-2'-deoxy- 
uridylic acid was prepared as follows: Biotinyl-n- 
hydroxysuccinimide ester (70 mg 0.2 . mol) dissolved in 
1 ml dimethyl formamide was added to 5- (4-aminobutyl- 
aminomethyl)-2'-deoxyuridylic acid in 20 ml 0.1 M sodium 
borate pH 8.5. After 4 hours the solution was concen- 
trated to 0.5 ml by evaporation, and the biotinylated 
nucleotide was purified by reverse phase high pressure 
liquid chromatography. 
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PXAMPLE XIII 



5 - f ormyl-2'-deoxyuridine prepared acceding to Mertes 
and Shipchandler, ± Heterocyclic Chem. 1 731 U970). 
5-hvdroxymethyluricil (1 mmol) dissolved in 20 ml 
b nyatoxym * ioo°C with manganese 

dimethvlsulfonate was heated at 100 u. wit * 

rr^ , 2 .s «„ » -..«. . T r - « 

evaporated at reduced pressure. The residue 
UP in hot ethanol and recrystallized from ethanol to 
yUld 5-formyluracil, 5-formyluracil (0.1C » *- 2 _ 
silylated and dissolved in dry acetonitrile (2 5 ml) 2 
oly-B^-di-O-p-toluyX-D-ribofuranosyl ch on e 

Pr^ in ^ ^' 2 V ° g ' w /air 

(0.22 g) and molecular sieves (0.2 g) were a 
the mixture stirred at 250 C . for 40 hours . under 
anhydrous conditions. The mixture was filtered 
evaporated. The resulting oil was treated with 
anhydrous ethanol (2 ml) and chromatographed on sil ca 
antiyarou oartia llv pure anomer which was re- 

gel to obtain the partially pu toluyl 
crystallized from ethanol (M.P. 195 
"oups were removed by reaction of the product m 

ao enzene with sodium methoxide. The mixture was 
methanol benzene 5 _ formy l-2 • -deoxyur idine 

neutralized with Dowex o * . 76 o c 

was recrystallized from ethanol M.P. 175-176 C. 
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AMPLE XIV 

, A ,o s-£ot«yl-2'-daoxyuridin- as follows: 
Biotin was coupled to * £oeByl mmol) dissolved 

To B-.o^l-V-eoxv-x^ne ( 3 20 g ^ 

in 3 oo i o.cs m soa lum After stirring 

diaminohexane amide (0.74 g, mmol) waS added 

one hour, sodiu. ^^//^^I onal 4 h ou:s 

and stirring continued for an a ^ 

fo nowed by the add-on of 8 ml M ge 

The c : po^ : ammonium 
HPLC eluting with methanol . 0 . « 
acetate, pH 4.0. 



kvamPLE XV 



?.-deoxvuridine as follows 
Bioti „ waa » tTol>. blo.1- ..." 

1 .oil »na dieyc £<>tB «.id. ana stirrea at 

„„ at.aolvea m 4ty 4«.thy u „ atloB a „a 

room temperature o»«B lfl ht. M ^ 
.^ration of «■» solvent £ by 

TJIti^-. Ct- c^atcrapny usin, 
reverse phase nign pc = 
a water methanol gradient. 
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EXAMPLE XVI 

5-<oxy)acetic acid-2 ' -deoxyur idine was prepared according 
to a I ocedure of Deschamps and DeCler.. ^ Med, Chem^ 
21 228 (1978). 5-hydroxy-2-deoxyur idine (282 mg, 1-15 
21^ 228 (1978). * potassium hydroxide 

mmol) was dissolved in 1.16 ml, ±" P 
(1 16 mmol) after which iodoacetic acid (603 mg , 3.4 
(i.i.o mm{J±l After reaction at room 

mmol) in 1 ml water was added. After reac 

, tm ur-i / 1 06 ml) was added, 

temperature for 48 hours IN HC1 (1.06 mi) 

Zentration of this solution and addition of ethanol 
yielded a precipitate which was filtered, washed with 
cold ethanol and recrystallized from hot ethanol . 

EXAMPLE XVII 

Biotinyl-1.6-diaminohexane amide was coupled to 5-<oxy) 
acetic acid-2 '-deoxyur idine as follows: Biotmyl-1 . 5- 
acetic ac 5- (oxy) acetic 

diaminohexane amide (U./<* g, 

acl a-2-aeoxyuriaine (0.60 0.2 mmol) and arcyclo- 
/exylcarboimiae (0.4! 0.2 .1) were dissolved . = 

dimethylformamide and remainea overniuht at «. 
? mpl ature. x„e taction .a, subseouently filtered and 
th. solvent remove by evaporation. The rescue was 
hashed with .« HC1 ana ether. The biotinated undrne 
de fvative wa. purified by reverse Phase hi g h pressure 
ii^id chromatography usin, , water-meth.nol 9 radient. 



1223831 



-65- 



EX AMPLE XVIII 

Phosphorylation of 5-substituted pyridine nucleosides 
was accomplished by the general procedure described 
b elow for biotinated-5-(oxy) acetic acid-2 • ^ • 

T he nucleotide (0.16 g, 0.5 mmol) was dried ^repeated 
evaporation fro. dry pyridine and ^ ^ 

dry pyridine. Monomethoxytr ityl chloride (0.30 g, 0.8 
mmol) was added and the mixture stirred at room 
temperature in the dark for 18 hours. The so ut on wa 
diluted with chloroform (200 ml) and extracted with 0.1 
M sodium bicarbonate. The organic layer was dried and 
evaporated. The tritylated nucleoside was redissolved 
in dry pyridine (20 ml, and acetylated by reaction at 
room temperature with acetic anhydride (0.1 ml, 20 
mmol). The mixture was cooled to 4 o C . and methanol ( 40 
«1> added. After stirring 10 hours at room temperature, 
the reaction was concentrated by evaporation. The 
compound was detritylated by dissolving in 1% benzene 
sulfonic acid in chloroform (20 ml). After evaporation 
^solvent the nucleoside was purified by chromatography 
on silica gel eluting with 2% methanol :chloroform. The 
"-acetylated nucleoside was dried by repeated evapora- 
tion of dry pyridine. A mixture of phosphorous 
oxvchloride (100 ul . 1 -ol). d-> ' l.*.4-tri«oic 
Zo L 2.2 mmol) and tr iethylamine (2S0 ul = M « > > 
was stirred in 5 ml anhydrous dioxane at 10° 15 C. for 
"minutes and at' room temperature for 1 hour. This was 

dl to the 3-acetylated nucleoside, and the mixture 
stirred at room temperature for 1 hour after wh ch it 
was cooled to 0 o C . Water (5 ml) was added and he 
reaction stirred at room temperature for 18 hours. 
Barium chloride (100 mg, 5 mmol) was added and the 

Th e salt was washed with water and ether. The barium 
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. a «•« the sodium salt by stirring with 

rn form. The deacetylatea 

of excess Dowex 50 (H ) for and puri£ied 

nucleotide was concentrated by evapor 
nucie u ... nressure chromatography, 

by reverse phase high-pressure c 



F.XAMPLE XIX 



5-substituted pyridine triphosphates a 
pt epar e d from their respective * ' ~^£ at £ 0109 

a «f Michelson, Biochem Biophys Acta, 91, 1, 
procedure of Michelson. xymetnyl -2 • -deoxycytidine- 

/iQfi4> The example of 5-nyaroxym= j- • 
(1964). me * others were similarly 

5 '-triphosphate will be given. m 

vv,,,-!-? 1 deoxvcytidylic acid irree 
prepared. 5-hydroxymethyl-2 deoxy y y 

Lid) (0 63 g, 0.2 mmol) was converted to its tri 
acid) (0.63 g, nding in methanol and 

Imoi ^ so Pension was refluxed until a clear 
Tol lonTas obtained and the solvent removed under 

1^™' U «as added 

^ n^S^r. .- ^ and ether was 

at room t«P.«.tur« _ 5 ,_ aiphe nyl P yro- 

add ed to precipitate th. ^ ^ ml) an , . 

P T If di tri-n-butylammonium) pyrophosphate (0.5 

"el Tn 1 - Py aine was added. After 45 minutes at 
^t mp ra » . the —re was conentrated under 
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tv->^ rrude product was 

ly chromatography on DEAE cellulose .!.«», - > » 
gradient of 0.1 to 0.6 « trlethylammomum Mcarbonate P 

7.5. 



EXAMPLE XX 



an was labeled with substituted pyri.rdrn. «. ipbo. 
phttes by nicX translating D„A in the presence of the 
app opriate triphosphate. An example foUows o 
,lu. P«ifiea D» with biotinylated -formy 2 

deoxyuridine. » <» «' ^ • -Loxy- ' 

t he presence of magnes *™ f * , 

cytidine-5'-triphosphate (15 «m . 2 ^, at . 
triphosphate (15 »»). 2' -d.oxydU.no.in. 5 trip P 

pnospna 1 deoxvribonuclease acid, 

r/t 2 hours the reaction was stopped by addition of 
„., » EDTA (.05 ml, folded by heatin, , at 65 fo 

minutes. Labeled -W^ 1 "'* and 
filtration chromatography through sephad.x G 
precipitation from cold ethanol. 
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EXAMPLE XXI 

PRECIPITATION OF GLUCOSYLATED DNA 
BY CONCANAVALIN A _ 

Reaction mixtures (1.0 ml) were prepared in 1.5 ml 
eppendorf tubes as follows: 

Sodium potassium phosphate, pH 6.5 10mM 

150mM 

NaCl B « 

5mM 

MgSOd 

y * ImM 
CaCl2 

DNA (T4 of calf thymus) 50u ^ 
Cancanavalin A (10 mg/ml) 50-500 ug 

Reactions were started by the addition of concanavalin A 
(C on A) . The solutions were mixed and left at room 
texture for 60 minutes. The tubes were centred 
at 1200 g for 15-20 minutes. The supernatants were 
diluted and the A 2 60 was measured. 

Since Con A absorbs at 260 nanometers, control solutions 
lacking DNA but containing Con A were prepared. The Con 
A absorbance was subtracted from the absorbence 
obtained in the complete reaction mixtures. 

The results of this reaction are presented in accompany- 
ing Figure 1. 
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EXAMPLE XXII 



BINDING OF GLYCOSYLATED DNA 
TO CONCANAVALINA . 



Phage T4 DNA and phage DNA were labeled by incorpor- 
ation of H^-deoxyadenosine triphosphate into the DNA by 
nick translation according to the Rigby et al procedure. 
T4 DNA was nick translated to a specific activity of 
SxloScpm/microgram and an average double- standed size 
of 5 kilobases. Lambda DNA was nick translation to a 
specific activity of 3xl05cpm/microgram and an average 
double stranded size of 6.0 kilobases as determined by 
agarose gel electrophoresis. Unincorporated nucleotides 
were removed from the reaction mixtures by Bio-Gel P-60 
chromatography. 

Con A sepharose was prepared as described by the 
manufacturer (Pharmacia) . One ml of settled gel 
contained 18 mg of bound Con A. One ml columns were 
prepared in sterile pasteur pippetes and were 
equilibrated with PBS (0.15 H NaCl ; .01 M sodium 
potassium phosphate, pH 6.5). 

H 3-DNA samples were prepared in 0.5 ml of buffer (as 
described in Example XXI but without Con A). T4 DNA 
solutions contained 176.000 cpm/0.5 ml, and DNA 
solutions contained 108,000 cp./0.5 ml. A 0.5 ml sample 
was applied to the column. 

A 10.5 ml volume of buffer was passed through the 
column, and the eluate fractions (0.33 m) were collected 
and counted in a Beckman LSC-100 scintillation counter 
in a 3.5 ml reafluor cocktail (Beckman). The results 
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(Figures 2A and 2B) show that non-glucosylated DNA was 
not bound whereas glucosylated T4 DNA was bound to the 
column. The bound T4 DNA was removed by washing the 
column with a higher P H buffer (Tris-HCl. P H 7.2 - 8.2). 

Furthermore, consistent with the interaction of glucose 
andTon A, mannose, when included in the buffer in which 
the DNA is applied to the column, prevents binding . of 
glucosylated DNA to Con A sepharose. Also, mannose 
containing buffer (PBS-containing 0.056 M mannose) 
Loves bound T4 DNA from Con A sepharose (Figures 3A 
and 3B> . 



Further illustrative of the practices of this invention 

directed to nonradioactive methods or techniques of 

assaying for specific nucleic acids, the Allowing 

example deals with the use of the sugar-lectin 

This example deals with the use of DNA which is not 
This exampi ^ ^ g maltotr lose 

:r p 8 a t-r^ by way of nic* translation described 
herein. The maltotriose modified dUTP and DNA modi ied 

th bind specifically to a column of concanvalin A 
covalently bound to sepharose. By this technique a « 
accordance with the practices of this invention, there 
is provided a means for specifically labeling any 
nucleic acid with sugars. As previously 
herein nick translation is only one of a number of 
.echoes and approaches possible for tl- ^ca-t- of 
the modified nucleic acids in accordance with this 
invention. 
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KXAMPLE XXIII 

L ambda DNA was nic* translated a, 

n,altotriose coupled to 5- (3-amino-l-propenyl) -2 deoxy 
uridine-5" triphosphate and 3 H - 2 • -deoxyadenosine-5 - 
triphosphate. Under these conditions DNA was 
substituted to 40 per cent of its thymidine rescues 
with the maltotriose nucleotide and had a specific 
activ ty of 8x105 counts per minute <cpm) per .xcrogr- 
of NA. A control sample of DNA substituted only with 
3 H ~dATP had a specific activity of 6x10* cpm per 
program DNA. The nicK translated DNA sample. > we re 
purified free of reaction mixture components by Biogel 
P-60 chromatography as described herein. 

The purified samples were ^^^-"^"^L. 
columns as described in Figures 2A and 2B. The ma 
t^se-labeled DNA was retained on the column when 
washed with PBS but was removed by subsequent elution 
with 10mM T ris-HCl, P H 8.2 (Fi,»r. 4*,. 
stituted tritiated DNA did not bind to the column at pH 

7.4 (Figure 4B) - 
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EX AMPLE XXIV 



Potentially immunogenic heptenes may be intt °f f d . 3t 
the position of uridine by a variety of methods xn the 
TiLature 5- (perf luorobutyl) -2' -deoxyur xdine was 

Ha usin'g a method of Cech et al , ^ ^ 
Z. 2 2183 (1979). Copper-bronze was prepared by 
— nnM sulfite (5 g, 20 mmol) with zinc powder 

772 : r - mixture was decanted, and the 

slL washed with water and then 5. hydrochlorxc acxd 
and water, aust before use, the solid (2 g) was 
activated with 2% iodine in acetone (20 ml). After 
" .tic the residue was washed with acetone concen- 
trated hydrochloric acid and then pure acetone. 
Activated copper- bronze (130 mg , 2 mmol) and 
1-icdo-l • . 2 , 2 • . 3 , 3 • , 4 , 4 • heptaf luorobutane (1.3 mg , 4 
Ll) were stirred in 3 ml dimethyl sulfoxide at 110 C. 
for 1 hour. After cooling and ^"ration, 

2 .-deoxyuridine (245 mg , Immol) was added, and the 

2 deoxyu wafcer (5 ml) was 

mixture heated at 110 C. for i 

added and the mixture extracted wxth ether. Tn 
fxtracts were dried and evaporated under reduced 
pressure. *he residue was chromatographed on a sxlxca 
gel column eluting with ethylacetate. 

F.XAMPLE XXV 

Tubericyain ... substitute at the 5 position by 
nfivltUin, the 5-cy.no co„pouna. toyooanycin A. 
example is the synthesis of .-«.ino-5 
vlt-7- (B -D-ribo£u t ,nosyl) py.toloI2.3-alpyri.i4in. 

^osiL^cleotiaes 1. 38 d»7.>. Toyoca.ycin ^l^ u 

* aissoivea in »ater (10. -) ana ,laci, 

9 ( 13 »1, ».s heatea to ieflu* "^'^ ^ 

ma-:: lori"^:- ^ 

M.P. 276-27.70C. 
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EXAMPLE XXVI 



5-Cyano-2'-deoxyuridine was prepared according to 
Bleckley et al , Nuc^ Acids Kes. 2. 683 (1975) 5-lodo- 
2'-deoxyuridine (1.0 g. 2.82 rmol) was dissolved in 
refluxing hexamethyldisil izane (HMDS) (10,1). Excess 
HMDS was removed at reduced pressure, and the resulting 
oil was dissolved in dry pyridine (50 ml). Cuprous 
cyanide (350 mg , 3.8 mmol) was added, and the solution 
heated at 16 0 o C . for 20 hours. Pyridine was removed at 
"educed pressure, and the residue extracted into toluene 
which was subsequently evaporated. The residue was 
heated in 50% aqueous ethanol at 10 0 o for 2 hours. The 
product was purified by reverse-phase high pressure 
Tiquid chromatography and recrystallized from ethanol, 
M.P. 161°C. 

KXAMPLE XXVII 

„ a( . hvl pne-7- (/t-D-2-deoxyfuranosyl) 
4-amino-5-amino methylene / \p * 

am . ... *4i„,/irr,rhloride was obtained as 

pyrrolo[2,3-d] P yrimidine dihydrochlor ide 

follows. 4-amino-5-cyano-7-(/J-D-2-deoxyfuranosyl) 
nurrolo[2 3-d]pyrimidine (Toyocamycin) (0.2 g) was 
Ifssolv d in hydrochloric acid (10 ml). 10% palladium 
o„ Charcoal (0.1 g> was added as the mixtu ^ ^drogen- 
ated at 40 psi for 5 hours at room temperature After 
filtration the water was evaporated at reduced P"»«»; 
He residue was triturated with ethanol, and the product 
recrystallized from 50% ethanol. 
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EXAMPLE XXVIII 

5-amino-2' -deoxyuridine was prepared from 5-bromo-2'- 
deoxyuridine according to the procedure of Roberts and 
Visser, ON Anu Chenu Soc. 14:665-669 (1952). 5-bro-o- 

2 .-deoxyuridine <2g. 6.2 mmol) dissolved in liquid 

ammonia (20 ml, was scaled in a 

at 50O for 5 days. The tube was opened, and the ™>» * 
was evaporated. 5-amino-2 -deoxyuridine was recrystallized 
from 5 ml water and 75 ml hot isopropyl alcohol. 

EXAMPLE XXIX 

5-(methylamino)-2. -deoxyuridine (0.2 g) was prepared as 
follows. 5-cyano-2'-deoxyuridine (0.2 g, 0.05 mol) was 
dissolved in 1 N hydrochloric acid (10 ml). 10% 
palladium on charcoal (0.1 g> was added, and the mature 
hydrogenated at 40 p.s.i. for 10 hours at room . temper a- 
t«r.. The mixture was filtered and the water evaporated 
at reduced pressure. The residue was trituratec . with 
ether, and the product was r ecrystall ized from 80% 
ethanol . 



EXAMPLE XXX 

Maltose triose was oxidized to the corresponding 
carboxylic acid by the following method. Maltose triose 
(0 -. 5 g , 0.94 mmol) was dissolved in water (5 ml) - Lead 
carbonate (0.42 g, 1.1 mmol) and bromine (0.17 ml), 3.3 
mmol) were added, and the mixture was allowed to react 
at room temperature for six days after which no reducing 
sugar remained. The mixture was filtered, and silver 
carbonate (0.2 g) added. After refiltering, the 
filtrate was deionized by elution through Dowex 50 (B 
form). Kvaporation of water and drying in the presence 
of phosphorus pentoxide yielded the desired product. 
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EXAMPLE XXXI 

Maltose triose was coupled to 5- (3-amino-l-propenyl ) - 
2 --deoxyuridine-5'triphosphate by the following 
procedure. Oxidized maltose triose (190 mg , 0.18 «ol) 
"as dissolved in dimethylf oroide (0.8 .1) and cooled 
to 40C. Isobutyl chloroformate (25 mg . 0 .18 nunol) an d 
tri -n-butylatnine (43 ul , 0.38 nunol) were added, and the 
solution allowed to react at 4°C. fo r 15 .xnut... 5-C3 
a ra ino-l.propenyl).2.-deoxyuridine-5 : -tr,phos P ^ >t .J9 0 

umol), dissolved in diethyl formamxde (1.2 «1 an 0.1 
M sodium borate and cooled to 4<>c was added to the 
above solution. The mixture was incubated at 4°C for 1 
hour and at roc™ temperature for 18 hours, 
ioaded on a DEAE-cellulose column and eluted with a 
gradient of 0.1 to 0.6 M triethylammonium bicarbonate, 
pH 7.5. The product was finally purified by reverse 
phase high pressure liquid chromatography. 

Allowing are Examples XXXII and XXXIII- Example XXXII 
is a metLd of tagging allylamine modified dUTP «t> . 
fluorescein substituent. This is an ° £ C £££ n 

of a self detecting nucleic acid probe. Example XXXIII 
Is a method of labeling preformed double helical nude.c 
acids at the position of guanine and the «* position 
Tf aLnine. Example XXXVII has the dete ; ctor mo ecu e 

111 I" ^-^^^ 
tides. 
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EXAMPLE XXXII 

Fluorescein was coupled to 5- (3-amino-l-propyl) -2 ■ - 

deoxyuridine-5-triphosphate (AA-dUTP) as 

duTP (10 umol). dissolved in 2 »1 sod,™ borate buffer 

(0 1m), PH 9.0, was added to fluorescein isothiocyanate 

no mg, 25 umol) dissolved in 1 ml dimethylformamide. 

After four hours at room temperature the mixture was 

loaded onto a DEAE-cellulose column equilibrated in 

triethylammonium bicarbonate buffer. P H 7.5. The 

• mim i ad AA-dUTP was purified by elution with 
fluorescein coupled m aus.tr v 

a gradient of from 0.1 to 0.6 m triethylammonium 
bicarbonate, pH 7.5. 



BH AMPLE XXXIII 



D » may be modified by reaction .ith chemical .IHylatin, 
ao.nt. Lambda DBA »as alkylated in position of 
!an ne an V Position of adenine by reacting » ««b 

ro..ti= hy a t oca t bo„ 7*— . w« u ' an : hr f :r ao : 3 - 

bromomethylbenzl.l.nthr.cene ... obtained as folio... 
methyl LI anthracene in carbon disulfide solution ... 
cooled in a freeing fixture ,nd treated drop.Le.ith . 
molar equivalent of bromine. After 30 minute,, the 
^duct in suspension .as collected, and 
Ly ether and recrystallized from benzene. The yield 
was 66* with melting point 190 . 5-191 .5°c. 

DMA . Purified from phage I..mbda. (1.6 m„ -» ^* 
ised in 5.0 ml of 20 »M potassium phosphate pH 6.5. 
4.0 ml of D»A solution .as added 500 ^ 
b romomethylbe„z,al.nthr.cene in dry acetone A ter 
minutes at 20°. the DBA .as precipitated »ith two 
volumes of cold .th.no! . The precipitate ... .ashed 
successively »ith ethanol. acetone and ether to remove 
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any unbound 7-bromomethylbenz [a] anthracene . Enzymatic 
hydrolysis of the DNA to nucleosides and subsequent 
chromatography of the products on Sephadex LH-20 
columns, indicated that 18% of the adenine and 48% of 
the guanine in DNA were modified in N 6 and N 2 positions, 
respectively. 

The modified DNA was made single stranded either by (1) 
heating to 100° for 5 minutes and rapid cooling or (2) 
incubating with equal volume of 0.1 M NaOH for 10 
minutes and then dialyzing the solution for four hours 
against 1 ml tris-HCl pH 8.0 containing 0.5 ml EDTA to 
keep the DNA in single-stranded form. 

EXAMPLE XXXIV 

A DNA probe was ligated to a synthetic DNA composed of 
repeated sequences of coli lac operator DNA. After 
hybridization to detect antiprobe sequences, the 
hybridized DNA was detected by reaction with biotinyl- 
ated lac repressor which was, in turn, detected by an 
enzyme linked immuno sorbent assay using goat antibiotxn 
IGG to react with the biotin and a second antibody 
coupled to horse radish peroxidase. The lac polyoperator 
DNA has been described by Caruthers (Second Annual 
Congress for Recombinant DNA Research, Los Angeles. 
1982), and it was ligated, in a blunt end ligation, 
using T4 ligase, to an adenovirus DNA probe. In situ 
hybridization of the polyoperator-labeled probe DNA was 
carried out as described by Gerhard et al IPrpc^ Natl^ 
Acad. Sci^ USA, 78, 3755 (1981). Biotinylated lac 
^Issor was prepared as described by Manning et al 
(Chromosoma, 53^ 107-117 (1075) and was applied to 
li^virus infected cells, fixed to a glass slide, m 
Binding buffer composed of (0.01 MK CI, 0.01 M tris (pH 
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7 6), 0.01 M MgS0 4( 10-4 MEDTA , 10-4 M DTT , 5% DMSO 
(dimethyl sulfoxide) and 50 ug/ml bovine serum albumin 
by J. Miller, Experiments in Molecular Genetics, Cold 
Spring Harbor Laboratory (1972). The slides were washed 
in binding buffer to remove unbound biotinylated lac 
repressor and then assayed for biotin using the horse 
radish peroxidase-linked double antibody procedure. 
This procedure could be adapted to create an affinity 
column where the probe could be bound to immobilized 
repressor protein and then removed by elution with a 
specific inducer, for example, isopropylthigalactoside 
or thiomethylgalactoside. The affinity of the 
repressor- operator complex is quite high 10"" M. When 
a specific inducer binds to the repressor the operator- 
repressor complex collapses. 

F.XAMPLE XXXV 

5-Bromo-2'-deoxyuridine-5'-phosphate was prepared as 
follows: 2 '-Deoxyuridine-5' -phosphate (6.2 g) was sus- 
pended in a mixture of 60 ml pyridine and 30 ml acetic 
acid. Bromine (0.84 ml) was added with stirring m an 
ice water bath and stirring continued for 20 hours at 
room temperature. The solution was concentrated by 
vacuum. After redissolution in a minimum of water a 
crude product was precipitated by addition of ethanol 
The crude product was chromatographed on Dowex 50 (B ) 
and eluted with water. The free acid product was 
precipitated from the concentrated eluent by addition of 

ethanol * 
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EXAMPLE XXXVI 



Calf intestine alkaline phosphate was biotinylated as 
follows: The enzyme (1 mg , 7.7 mmol) was chromato- 
graphed on a G-50 column eluting with 0.1 M Hepes buffer 
pH 8.0 containing 0.1 M sodium chloride. The pooled 
fractions were reacted with N-biotinyl-6-amino-caproic 
acid-N-hydroxysuccinimide ester (0.675 mg, 0.77 umol) 
dissolved in 10 ml diemthylf ormamide at room temperature 
for 1 hour. Sodium periodate (0.1 M 125 ul) was added 
and stirring continued for 2 hours. The mixture as 
dialyzed at 4° overnight in 0.1 M Hepes buffer pH 8.0 
with 0.1 M NaCl after which the pH was adjusted to 7.4. 
Biotin hydrazide (0.1 M, 0.5 ml) dissolved in 0.1 M 
Hepes buffer pH 7.4 and 0.1 M NaCl was added and the 
reaction stirred for 30 minutes at room temperature. The 
P H was adjusted to 8.0 with 0.2 M sodium carbonate and 
0.5 ml of freshly prepared 0.1 M sodium borohydride in 
water was added, the solution was dialyzed against 0.1 M 
tris buffer pH 8.0 with 0.1 M NaCl. 

EXAMPLE XXXVII 

e-Cyano-Z'-deoxyuridine-S' -phosphate was prepared 
similarly to a procedure of Veder et al , J. Carbohydr. 
Nucleosides. Nucleotides , 5, 261 (1978). 5-bromo-2"- 
deoxy uridine- 5' -phosphoric acid (2.0 g, 15 mmol) dried 
by successive evaporation from pyridine was dissolved in 
50 ml dimethylsulfide. Sodium cyanide (490 mg, 10 mmol) 
was added and the solution stirred at room temperature 
for 2 days. The solution was diluted with 400 ml water 
and the pH adjusted to 7.5. It was applied to a DEAE- 
cellulose column (HCO~3 form) washed with 2000 ml 0.02 M 
triethylammonium bicarbonate to yield the desired 
product. 
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EXAMPLE XXXVIII 



6-(Methylamino)-2 , -deoxyuridine-5 , -phosphotic acid was 
prepared as follows: 6-Cyano-2'-deoxyuridine-5*- 
phosphoric acid (0.2 g, 60 mmol) was dissolved in 0.1 M 
hydrochloric acid. After addition of 10% palladium on 
charcoal (0.1 g) , the mixture was hydrogenated at 40 psi 
for 20 hours at room temperature. The mixture was 
filtered, neutralized with lithium hydroxide and lyo- 
philized. The product residue was extracted with 
ethanol. 

EXAMPLE XXXIX 

Horse radish peroxidase (20 mg) dissolved in 5 ml 
distilled water was added to 1.0 ml freshly prepared 0.1 
M sodium periodate solution. After stirring at room 
temperature for 20 minutes it was dialyzed overnight at 
40c. against 1 mM sodium acetate pH 4.4. Biotin 
hydrazide (2.6 mg, 5x10-2 mmol) dissolved 2.0, 0.1 M 
Hepes buffer pH 7.4 with 0.1 H sodium chloride was 
brought to pH 8.0 with 0.2 M sodium carbonate and 0.5 ml 
of a freshly prepared 0.1 M sodium borohydride solution 
in water was added. After 2 hours at 4°C. the protein 
was purified on a Sephadex G-50 column eluting with 0.1 
M Hepes and 0.1 M NaCl. 

EXAMPLE XL 

Carrot acid phosphatase has been mentioned by Brunngraber 
and Chargaff , J. Biol Chem. , (1967) 242, 4834-4840 as a 
byproduct of the purification of phosphotransferase and 
has been purified to a specific activity of 460 uM/mg/min 
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at 37 o c with paranitrophenylphosphate as the substrate 
at 37 C. witn v absorption of 

The purification involved the steps or i , 

,ific Proteins by OEAE cellulose; (b) add 
non-specific protei acet one fractionation; 

purification of the enzyme; (O aceto hvdroX y- 

atl »„. *» .«x. » »«*» aue to ioss o£ aotlvity 

the Sephadex G-100 fractions 

affinity chromatography step \a> 

-air 1 : 

* ^ci.ic «««« * h * lm ; ^ a to 340 u„/»,/». The 
Seph.ae* S 100 £ uM/ „ g/m OI higher. 

.aded blotin hydr.sxde (2.0 hi , ato chlor ide 
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Of special importance and significance in the practices 
of this invention is the utilization of self-signaling 
or self-indicating or self -detecting nucleic acids, 
particularly such nucleic acids which are capable of 
being incorporated in double-stranded DNA and the like. 
Such self-signaling or self-detecting nucleic acids can 
be created by covalently attaching to an allylamine 
substituent making up a modified nucleotide in accord- 
ance with this invention a molecule which will chelate 
specific ions, e.g. heavy metals, rare earths, etc. 
In general, the chelated ion can be detected either (a) 
by radioactive emission or (b) by using the ion to 
catalyze a chromogenic or fluorogenic reaction. 

By way of example, a solution of 3,4-dinitro phenol is 
reduced to 3,4-diamino cyclohexane 



Th 



is material is then brominated 



H 2 Br NH 



i Br 1 

IO ^-V^NH 2 HBr j f ^ 

H 2 *ff NH 2 H 2 



to form 3,4-diamino bromo cyclohexane (dABCH) . This 
compound is reacted with halide (CI, Br, I) substituted 
carboxymethyl compound to produce a tetra carboxymethyl 
derivative or dABCH (TCM-dABCH): 
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Br 



3) 




NH, 



+(XCH 2 "C0O 




Br 



CH o C00 
2 / 2 



a 



H, 



N -CH 2 COO 

CH,COO 

< * 
N CH„COO 



The brom 
soluble ammonia: 



ine is substituted by an amino group using 



4) 




+ NH 4 (liq) 




- ._ r - acte d with chloro thiophosgene 

H 2 



to produce the 
H 

5) 

^2 



+ ci 2 cs 



S=C=N- 
H 




- N ~ 

— N — 



H, 



~a reacted with dUTP-allylamine 
Finally, this compound is reactea w 

derivative to produce modified dUTP. 
dUTP-Allylami 



6) 



une + - 



dOTP-Allyl-N - C - N -f » * 

11 




v CH 2 COO 



a*** ~ «•». -«» ° r d o r f :i;:rep e riv e . 

« chelated to the compound after step J 
10 ns can be chelate subsfcituted with this adduct 

Or the nucleic acid can is added at pH 

and then the ion added. (Example, 
6 where the binding constant is 10 M) . 
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Cobalt can be assayed by radioactivity. It can also be 
detected by its ability to oxidize methylene blue to the 
leuco form in the presence of molecular oxygen. It can 
be used to oxidze soluble sulfhydro groups to disulfide 
bonds again in the presence of molecular oxygen. 

This type of self-signaling molecule can be used to 
monitor any nucleic acid hybridization reaction. It is 
particularly important for detecting nucleic acids in 
gels (for example, sequencing gels). 

With respect to its use in radioactivity, it can be used 
to tailor the isotope needed, i.e. if a weak or strong 
fi or Remitter is needed, that isotope can be chelated. 
Examples of isotopes that can -be used are listed immed- 
iately hereinafter. 
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Antlmony-124 
Antlmony-125 
Arsenlc-74 

Barium- 133 

Barium-140 

BeryHium-7 

Btamuth-206 

Blarnuth-207 

Cadm*uro-109 

Cadrnium-115m 

CaJcfum-45 

Carbon-14 

Cerium- 139 

Cerium-141 

Cerium-144. 

Casium-134 

Cesium-137 

Chlor1n«-36 

Chromium-51 

Cobalt-Sd 

CobaK-57 

Cobalt-58 

Cobait-60 

Erbium-169 
Europium- 152 

Gadolinium-153 

GokM95 

Gold-199 

Hatnium-175 
Hafnium-175+181 
Hafnium- 181 

Hydrogen-3 see Tritium 



todine-125 

todine-131 

Iodine- 132 

lridium-192 

)ron-S5 

lron-59 

Krypton-85 

Load-210 
Lutecium-177 

Manganese-54 
Mercury-197 
Mercury-203 
Molybdenum-99 

Neodymium-147 
Neptunium-237 
Nickel-63 
Nfobium-95 

OsrrHum-185+191 

Paltadtum-103 

Platlnum-195rn 
Praaeodymium-1 43 
Promethium-147 
Protactlnium-233 

Radium-226 
Rhenium-186 
Rubfdium-86 
Ruthenium-103 
Ruthenium- 106 



Scandium-44 

Scandium-46 

Setenium-75 

Sllver-HOm 

Sllver-111 

Sodlum-22 

Strontlum-85 

Strontium-89 

Strontlum-90 

Sulphur-35 

Tantalum-182 

Tecnnetium-99 

Tallurium-125m 

Tollurium-132 

Terbiurn-180 

Thalllum-204 

Thorium-228 

Thorium-232 

Triuiluin-170 

Tln-113 

Tltanium-44 

Tritium 

Tungsten-185 

Vanadlum-48 
VanadJum~49 

Ytterbium-169 
Yttrium-88 
Yttrium-90 
Yttr1unv91 

Zinc-65 
Zlrconium-95 
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Streptavidin, a protein produced by a Streptomyces 
avidinii is a large molecular weight component of a 
syneraistic pair of compounds which are both present m 
the culture filtrates of this microorganism. Each of 
the pair is inactive but in combination are active 
against gram-negative microorganisms. It has been found 
that the small component of this antibiotic prevents de 
novo synthesis of the vitamin biotin and thus, at least 
in synthetic media, show antimicrobial activity. In 
complex medium, however, the large component has to be 
included to exert the same effect on bacteria. This has 
been shown to be due to the presence of external biotxn 
in the complex medium. The large molecular component 
has been found to bind external biotin and thus demon- 
strating the same kind of action as avidin from eggs and 
oviduct tissues of laying birds. 

Streptavidin has been purified and shown to be a 60,000 
dalton polypeptide. Like avidin, streptavidin contains 
four subunits and binds tightly four molecules of biotin. 
Unlike avidin, however, it is non-glycosylated and it 
has PI of 5.0 as compared to avidin with Pi = 10.5. Due 
to the difference in pi streptavidin does not have a 
tendency to non-specif ically interact with DNA. 

PREPARATION OF STREPTAVIDIN 

A semi-synthetic medium containing salt, 1% glucose, 
0.1% asparagine, 0.05% yeast extract and trace elements 
was prepared. The cultures were grown at 26°C. for 
three days. Mycellium was removed by centr if ugation and 
protein in the supernatant were absorbed to DEAE- 
cellulose in a batchwise process after P H was adjusted 
with 1M HC1 to 7.2. DEAB-cellulose was filtered off and 
washed with 20 mM Tris-HCl < P H 7.2) until no absorbancy 
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qtceDtavidin was eluted with 20 
at 280 ran was recorded. Str eptaviu 

„ ■ n s M NaCl. Ammonium 

mM Tris-HCl (pH 7.2) containing 0.5 m waci. 
mM Tris m,j. vf further concentrate 

sulfate precipitation was used to further 

the streptavidin (50% w/v at 4°C). 

The precipitate was dissolved in water and dialyzed 
ist 10 M NaCl, 50 m« N a 2 C0 3 - Xn the next step 
amnfty column chromatography on iminobiotin sepharose 
was used. Eluted streptavidin from iminobiotin 
sepha ose column was shown to be chromatography ly 
IL by non-denaturing agarose-ge! electrophoresis. 

Imi nobiotin is prepared from biotin in • t f_' 
Biotin is hydrolyzed by barium hydroxide to s 3 .4 
diamino-2-tetrahydrothiophene-valeric acid wh ich s 

reacted with cyanogen bromide to immobxotin The 
iminobiotin is coupled to amino sepharose via the 
T-nydroxysuccinimide ester of its hydrobromide salt. 

The crude protein mixture from DEAE eluted Stre^tom^s 
Tne cruue . en m M sodium 

^jSiaii incubation meaia i. d» s-lv > » - 
carbonate and 1.0 H sodium chlonae (pB 11) an pp 
lo ,„ iminobiotin column P"-e, Ui li^ tea » - 

solution. The column is elutea at pH 11. strep 

is subsequently eluted with 50 «* ammonxum acetate. pH 
contains . sodium cbloride * - { > 

dialyzed three times against 1 mM Tris pH 

philized to dryness. 
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in the practices of this invention avidin is useful 
as a detectinq mechanism for labeled DNA, such as 
biotin-labeled DMA. However, avidin itself, such at 
about neutral pH. complexes with DNA with the result 
that any signal derivable from a complex between biotxn- 
labeled DNA and avidin might be lost or be non-detect- 
able in the background due to the complex formation 
between avidin and unlabeled DNA. This disadvantage of 
the use of avidin in the practices of this invention is 
not possessed by streptavidin which does not form a 
complex with DNA at about neutral pH but is capable of 
forming a complex with the biotin portion of biotin- 
labeled DNA. 

in another aspect directed to the broad utility of 
avidin and streptavidin for detecting labeled compounds 
other than DNA, avidin and streptavidin are particularly 
effective as detecting mechanisms for labeled proteins, 
polysaccharides and lipids. By way of exampl e , "on. , can ^ 
fix to a solid matrix a specific antigen and bind to this 
antigen an antibody directed against this antigen which 
itself has been biotinylated . Then one can assay for 
the presence of this biotinylated antibody by reacting 
it with avidin or streptavidin complexed with an enzyme 
such as calf intestine alkaline phosphatase, or to which 
fluorescing molecule, as for example fluorescein has been 
linked . 

The use of the antigen-antibody system for detecting 
either antigen or antibody is well known. A comparable 
system is a system based on a glycosylated substrate or 
mo lecule and matching or appropriate lectin. In this 
Tystem the lectin would carry a label, such as -uorescein 
or appropriate enzyme. In this glycosyl-lectm system 
the labeled lectin forms a complex with the glycosyl 
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«,Ut». co»pa„ bl e to - 

a „a this 5 I t 1 Wi„ the necessa,, 

and apptopr.ate labeled . £iclty wo uld then present 

lectin complex. 

Rnot ^ asp., ot - v:r. 

tion or hybridized n th . 1,, aetectln , probe . 

,„ ^I^U'ut. » detects probe are not 

detected ana the appropna insoluble 
attached to an, insoluble substrate 

. • •. mniPtv The advantages of the nquiu F 
chemical moiety. idization 
detection system reside m the spee ^ ^ 

or hybrid formation betwee r > - ^ 

th. appropriate OK, probe there or ^ 

a solid-liquid system the time about ten 

. • hybridization formation is auuu 

recognition an hybrid z ^ ^ a complete . 

times greater than if it wet ^ ^ ^ 

ly liquid system, x... an insoluble moie ty. 

detecting DNA are not attacnea 

k soared in accordance with the practices of 
The probes *"^" d "\ for use in the detection 

th is invention are ada * table ^ indicated herein- 

of vituS es and -^alined do not contain 

above. Where the fluids to ^ ^ 

concentrated dy « w whpn tne fluid 

lB a ...» : -^-r - 
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• 1aMp absorption on an affinity 
If anti b oa y were aval labl ab P because 

column and elution with acid * accotd anc e 

it would be oossible to process many probes 

lt wouiq o invention at the same time. 

„ith the practices of this- 

The bacteria to be examined is usually 

trated by centr ifugation. 

nf t-his invention, the 
.„ acc0 rdance with the practices of this 

^r^---- 35 

p to au=. mononucleotides fro. the excess, V 
sin,l.-str.na.d DHA probe hu ; -ouia eave he 

,t C .na.a ^'-^cU - Dowex anion e*ch.n g er 

' WtMi " * ana J. 11 amount of oli,onu=l.o- 
,the nucleotiaes ana ^ 00 „ ce „ tca . 

::::: n^:, * - r « 

iaentifiea or characterized hy various procedures 
'aPpllcahle to the practices of this invention. 

The special --^r.rr* • 

phosphoric acia P -oi.ty. pvclmi dine ana a 

m oiet y , a base B .oiety . £ attac „ e a 

si,nalUnc che.ica * -»« « ' >el . ty . M1 „i», ... 

thereto, either to the P, S o BoUtles a„a 

structural formulas of « -s ^^^^ Blth the 

nucleotides which are modified in 

practices of this invention. 
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The maior purines 
Adenine 
(6-aminopur ine) 
NH 2 



Guanine 
(2-amino-6-oxypurine) 
0 

u 



Two minor purines 

2-Methy ladenine 

NH 2 

11 *CH 
CH 3 -C43>C^/ 

H 

The majo r pyrimidines 

Cytosine 
(2-oxy~4-aminopyr imidine) 
NH 2 

..... 



1-Me thylguanine 
0 



CH 3 



II P 



H 



N 



Uracil 
( 2 , 4 -d ioxypy r imid i ne ) 
0 

HN 3 ** CH 
°= C <*K- CH 



H 



Two minor pyrimidines 
5-Methylcytosine 
NH 2 

Tj!f Oc-CH 3 
0=C^CH 
H 



Thymine 

(5-methyl-2,4-dioxypyrimidine) 
0 

H 



5-Hydroxymethylcytosine 
1 ^ 

^°>C-CH 2 OH 
1 II 

H 



PYRIMIDINE 



H 
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PURINE 



N3 5 1 II 8CH 



/ 

H 



The major ribonucleotides and deoxyr ibonucleotides. 



Ribonucleoside 
5 '-monophosphates 



OH 
I 



Base 



HO — P — 0 ■^CHiy Os. 



OH OH 



2 '-Deoxyribonucleoside 
5 1 -monophosphates 



OH 

HO— P— 0—CH2^ 0 



Base 



OH H 



General Structure 
Names 

Adenosine 5 '-phosphoric acid 

(adenylic acid; AMP) 
Guanos ine 5' -phosphoric acid 

(guanylic acid; GMP) 
Cytidine 5' -phosphor ic acid 

(cytidylic acid; CMP) 
Uridine 5' -phosphoric acid 

(uridylic acid; UMP) 



General Structure 
Names 

Deoxy adenosine 5 '-phosphoric acid 

(deoxyadenylic acid; dAMP) 
Deoxyguanosine 5 '-phosphoric acid 

(decxyguarylic acid; dGMP) 
Deoxycytidine 5 '-phosphoric acid 

(decxycytidylic acid; dCMP) 
Deoxy thymidine 5 '-phosphoric acid 

(decKythymidylic acid; dTMP) 
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Th e soecia! i» accordance with thl. »»- 

tl c„,"as indicate* -e^- *» """"J" 

:;:;rr„L:::rrn%rra n :; - - 

general formula, r 

phoric acid moiety including mono-, do.-, tn-, or 
tetraphosphate, S the sugar or i44 . h - t a 

l3 attached «^«. 3 u a ^ribonucleotide and 

roei ety when the nuc e o ^ ^ is 

^ i Lide The base B moiety is attached from 

a ribonucleotide. The position 

the HI position or the *9 P° slt *° pyridine or 

and/or to be detectable thereon. 

. al nucleotide in accordance with this 
A „other ■^^£*„ d by the general formula: 
invention is characterize x 

Sig 
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Such nucleotides in accordance with this invention 
would be characterized as ribonucleotides. The 
phosphoric acid moiety is attached at the 2', 3' and/or 
5 . position of the sugar S moiety and the base B being 
attached from the Nl position or the N9 position to the 
1- position of the sugar S moiety when said base is a 
pyrimidine or a purine, respectively. The Sig chemical 
moiety is covalently attached to the sugar S moiety and 
said Sig chemical moiety when attached to said S moiety 
is capable of signalling itself or making itself 
self-detecting or its presence known and preferably 
permits the incorporation of the ribonucleotide into 
its corresponding double- stranded RNA or a DNA-RNA 
hybrid, 

Sig 

Such nucleotides P - 8 - B desirably have the Sig 
chemical moiety attached to the C2' position of the S 
moiety or the C3' position of the S moiety. 

Still further, nucleotides in accordance with the 
practices of this invention include the nucleotides 
having the formula, 

Sig 
P - S - B 

wherein P is the phosphoric acid moiety, S the sugar 
m oiety and B the base moiety. In these s * eC1 f 
nucleotides the P moiety is attached to the 3 and/or 
the 5' position of the S moiety when the nucleotide is 
de oxyribonucleotide and at the 2', 3' and/or 5' position 
when the nucleotide is a ribonucleotide. The base B is 
either a purine or a pyrimidine and the B moiety is 
attached from the Nl or the N9 position to the 1- 
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position of the sugar moiety when said B moiety is a 
pyrimidine or a purine, respectively. The Sig chemical 
moiety is covalently attached to the phosphoric acid P 
moiety via the chemical linkage 

OH 

- P - 0 - Sig 
it 

0 / 
said Sig, when attached to said P moiety being capable 
of signalling itself or making itself self-detecting or 
its presence known and desirably the nucleotide is 
capable of being incorporated into a double-stranded 
polynucleotide, such as DNA, RNA or DNA-RNA hybrid and 
when so incorporated therein is still self- detecting. 

It is pointed out that the special nucleotides in 
accordance with the practices of this invention 
described or defined hereinabove by the general formula 
P - S - B - Sig, also include nucleotides wherein the 
Sig .chemical moiety is covalently attached to the B 
moiety at the N 6 or 6- amino group position when the B 
moiety is adenine or the »2 or 2-amino group position 
when the B moiety is guanine or the N 4 or 4-amino group 
position when the B moiety is cytosine. The resulting 
nucleotides containing the Sig moiety attached thereto 
are capable of signalling themselves or making them- 
selves self-detecting or their presence known and being 
detectable is a double-stranded or DNA, RNA or DNA-RNA 
hybrid. 
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Bv way of summary, as indicated hereinabove with 
respect to the make-up of the various specia! nucleo- 
tide^ in accordance with this invention, the special 

c otides can be described as comprise a phosphoric 
acid moiety P, a sugar moiety B and a base moiety B a 
purine or pyrimidine, which combination <>* *-*-» " 
well known with respect to and defines 
both deoxyribonucleotides and ribonucleotides The 
nucleotides are then modified in accordance with the 
practices of this invention by having covalently 
Cached thereto, to the P moiety and/or the S moiety 
and/or the B moiety, a chemical moiety Big. The 
chemical moiety Sig so attached to the nuc eotide P-S-B 
is capable of rendering or making the resulting 
nucleotide, now comprising P-S-B with the Sig moiety 
bei n attached to one or more of the other mo eties, 
self-detecting or signalling itself or capable of 
Taking its presence known per se, when incorporated 
Tnto 1 polynucleotide, especially a double- -stranded 
polynucleotide, such as a double-stranded DMA, a 
Tele-stranded RNA or a ^""^J^™^.,. 
hybrid. The Sig moiety desirably should not mterfer 
"ith the capability of the nucleotide to form a 
aouble-stranded polynucleotide containing the special 
Sig -containing nucleotide in accordance with this 
invention and, when so incorporated therein, the Sig 
containing nucleotide is capable of detection, 
localization or observation. 

The Sig moiety employed in the make-up of the special 
lul otiL ol this invention could 
or enzymic material, such as alkaline phosphatase, 
olucose oxidase, horseradish peroxidase or ribo- 
nuclease. The Sig moiety could 

fluorescing component such « include a 

or dansyl. If desired, the Sig moiety c 
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magnetic oxide or magnetic iron oxide, which would 
make the nucleotide or polynucleotide containing 
such a magnetic-containing Sig moiety detectable by 
magnetic means. The Sig moiety might also include 
an electron dense component, such as ferritin, so as 
to be available by observation. The Sig moiety could 
also include a radioactive isotope component, such 
as radioactive cobalt, making the resulting nucleotide 
observable by radiation detecting means. The Sig 
moiety could also include a hapten component or per 
se be capable of complexing with an antibody specific 
thereto. Most usefully, the Sig moiety is a polysac- 
charide or oligosaccharide or monosaccharide, which 
is capable of complexing with or being attached to a 
sugar or polysaccharide binding protein, such as a 
lectin, e.g. Concanavilin A. The Sig component or 
moiety of the special nucleotides in accordance with 
this invention could also include a chemiluminescent 
component . 

As indicated in accordance with the practices of 
this invention, the Sig component could comprise any 
chemical moiety which is attachable either directly 
or through a chemical linkage or linker arm to the 
nucleotide, such as to the base B component therein, 
or the sugar S component therein, or the phosphoric 
acid P component thereof. 

The Sig component of the nucleotides in accordance 
with this invention and the nucleotides and poly- 
nucleotides incorporating the nucleotides of this 
invention containing the Sig component are equivalent 
to and useful for the same purposes as the nucleotides 
described in published European patent application 
63,879. More specifically, the 



EN2.0079 



1223831 



-98- 



chemical moiety A described therein is functionally 
the equivalent of the Sig component or chemical moxety 
of the special nucleotides of this invention. Accord- 
ingly, the Sig component or chemical moiety of nucle- 
otides of this invention can be directly convalently 
attached to the P, S or B moieties or attached thereto 
via a chemical linkage or linkage arm as described 
in European patent application 63,879 as indicated 
by the dotted line connecting B and A of the nucleo- 
tides described therein. The various linker arms or 
linkages identified in European patent application 
63 879 are applicable to and useful in the prepara- 
tion of the special nucleotides of this invention. 

A particularly important and useful aspect of the 
special nucleotides of this invention is the use of 
such nucleotides in the preparation of DNA or RNA 
probes. Such probes would contain a nucleotide 
sequence substantially matching the DNA or RNA s 
equence of genetic material to be located and/or 
identified. The probe would contain one or more of 
the special nucleotides of this invention. A probe 
having a desired nucleotide sequence, such as a 
single-stranded polynucleotide, either DNA or RNA 
probe, would then be brought into contact with DNA 
or RNA genetic material to be identified. Upon the 
localization of the probe and the formation of a 
double-stranded polynucleotide containing the probe 
and the matching DNA or RNA material to be identified, 
the resulting formed double-stranded DNA or RNA- 
containing material would then be observable and 
identified. A probe in accordance with this inven- 
tion may contain substantially any number of nucleo- 
tide units, from about 5 nucleotides up to about 500 
or more, as may be required. It would apear that 12 
matching, preferably consecutive, 
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nucleotide units would be sufficient to effect an 
identification of most of the DNA or RNA material to be 
investigated or identified, if the 12 nucleotide 
sequence of the probe matches a corresponding 
cooperative sequence in the DNA or RNA material being 
investigated or to be identified. As indicated, such 
probes may contain one or more of the special 
Sig-containing nucleotides in accordance with this 
invention, preferably at least about one special 
nucleotide per 5-10 of the nucleotides in the probe. 

As indicated hereinabove, various techniques may be 
employed in the practices of this invention for the 
incorporation of the special nucleotides of this inven- 
tion into DNA and related structures. One particularly 
useful technique referred to hereinabove involves the 
utilization of terminal transferase for the addition of 
biotinated dUMP onto the 3' ends of a polypyr imidine or 
to single-stranded DNA. The resulting product, such as 
a single-stranded or cloned DNA, which has biotinated 
dUMP attached to the 3' ends thereof, can be recovered 
by means of a Sepharose-avidin column wherein the avidin 
would complex with the biotinated dUMP at the ends of 
the DNA and be subsequently recovered. In accordance 
with the practices of this invention hybridization to 
mRNA could be accomplished in solution and the resulting 
hybrid recovered via a Sepharose-avidin column and the 
mRNA recovered therefrom. Similar techniques could be 
employed to isolate DNA- RNA hybrids. This technique 
employing terminal transferase for the addition of the 
special nucleotides in accordance with this invention is 
widely applicable and the resulting modified nucleotides 
containing the special nucleotides in accordance with 
this invention including the special biotinated nucleo- 
tides or the special glycosylated nucleotides could be 
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selectively recovered via complexing with avidin upon a 
Sepharose-avidin column or complexing with a lectin, such as 
Concanavalin A or a Sepharose-Concanavalin A column. 

Illustrative of the practices of this invention, biotinated 
dUTP was added to the 3' ends of d[ P T] 4 as well as single and 
double stranded DMA employing terminal transferase and the 
resulting product was purified through G-50 Sephase and 
separated on a Sepharose-avidin affinity column. It was found 
that 69% of the d[ P T] 4 molecules were biotinated and recovered 
on the Sepharose-avidin column. The results of this 
experiment established that terminal transferase added 
biotinated dUMP to the 3' ends of a polypyrimidine . 
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The detection of nucleic acids to which specific 
molecules have been covalently attached can be effected 
through the use of many naturally occurring proteins to 
which small molecules are known to specifically bind- 
In this procedure the small molecules are bound to the 
nucleotide using the allyl amine side chain. These 
nucleotides are then incorporated into specific nucleic 
acids using a DNA or RNA polymerase or ligase reaction 
or a chemical linkage. After annealing this probe with 
a complementary antiprobe sequence, the presence of the 
probe is assayed for by the specific binding of the 
protein to the ligand covalently bound to the probe. 

Examples of protein-ligand reactions that are 
appropriate for this type of detector system include: 

1. Enzymes and allosteric effector or modulator 
molecules. An example of this is the enzyme threonine 
dehydratase which is a heterotropic enzyme in that the 
effector molecule, L-isoleucine, is different than the 
substrate, L-threonine, J. Monod, J. Wyman and J. P. 
Changeux (1965)/ J. Mol. Biol. 12:88-118. 

2. Effector molecules involved in regulation. An 
example of this is the specific binding of 3',5-cyclic 
adenosine monophosphate to the cyclic AMP receptor 
protein, I. Pastan and R. Perlman, Science 169:339-344 

(1969). Another example is the lactose repressor 
molecule and the inducer molecules isopropyl thiogalacto- 

side or thiomethylgalactoside . These two inducer 
molecules are called gratuitous inducers in that they 

are not metabolized by the enzymes they induce, W. 

Gilbert and B . Muller-Hill, Proc. Nat l. Acad. Sci. (US), 

70:3581-3584, (1973) ♦ 
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3. Hormone receptors and other receptors on the 
surface of the cell to which organic molecules will 
specifically bind. An example of this is the 
epinephrine-epinephrine receptor system in which 
epinephrine is bound in a ster iospecif ic manner with a 
high affinity to the receptor. With this system, since 
the receptor protein is insoluble in water, it will be 
imbedded in a lipid bilayer structure as for instance a 
liposome. Suitable detector systems would include 
specific enzymes or fluorescent molecules inside or 
within the lipid bilayer. 

4. specific ligand binding proteins included in the 
transport of small molecules. An example of this is the 
periplasms binding proteins of bacteria which have been 
shown to bind many amino acids, glucose, galactose, 
ribose and other sugars, Pardee, A. Science , 162:632- 
637, (1968); G. L. Hazelbaur, and J. Adler, Nature New 
Bio. -230i 101-104, (1971). 

in the above-mentioned examples the ligand bound to the 
nucleic acid reacts with a naturally occurring protein. 
The specificity of this reaction resides in the 
ligand-binding site of the protein. 

One further example of small molecule interaction with 
naturally occurring proteins involves the specific 
binding of coenzyme or other prosthetic molecules to 
enzymes. Examples of such coenzymes include thiamin 
pyrophosphate, flavine mononucleotide, flavine adenine 
dinucleotide, nicotinamide adenine dinucleotide , 
nicotinamide adenine dinucleotide phosphate, coenzyme A, 
pyridoxyl phosphate, biotin, tetr ahydrof ol ic acid, 
coenzyme B 12 , lipoic and ascorbic acid. Many of these 
m olecules form covalent linkages with their apoenzymes. 
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However, some, for example, coenzyme A, coenzyme B 12 and 
tetrahydrofolic acid, associate in a non-covalent but 
specific manner with their cognate apoenzymes. A 
specific coenzyme-apoenzyme system for use in this 
system is flavine adenine dinucleotide (FAD) and flavme 
adenine dinucleotide reductase isolated from Escherichia 
coli. with this system the binding of FAD is sufficiently 
strong to permit detection. 

The special nucleotides of this invention and poly- 
nucleotides including such nucleotides, either single- 
stranded or double-stranded polynucleotides, DNA and/or 
RNA, comprising the components, phosphoric acid moiety 
P, the sugar or monosaccharide moiety S, the base moiety 
B ', a purine or a pyrimidine, and the signalling or 
self-detecting moiety, Sig, covalently attached to 
either the P, S or B moieties, as indicated hereinabove, 
have many uses and utilities. For example, the 
nucleotides of this invention and polynucleotides 
containing the nucleotides of this invention are useful 
as immune-stimulating agents, as adjuvants in vaccines, 
as agents for the stimulation or induction from 
competent cells, such as lymphocytes, for the production 
of imphokines, cytokines or cytokinins, interferon or 
other cellular products. 

It is well known that double-stranded poly A:U is a 
stimulator or inducer for the production of interferon, 
although weakly so. Similarly, poly I:C is also known 
as a stimulator or inducing agent for the production of 
interferon. 

The advantage of polynucleotides, such as double-stranded 
polynucleotides incorporating one or more nucleotides m 
accordance with this invention is that, in effect, such 
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polynucleotides would be mote effective and more 
powerful inducing or stimulating agents for the 
production of interferon and related materials from 
cells. For example, nucleotides in accordance with this 
invention containing the above-described components P, 
S, B and Sig, are suitably prepared so that the 
nucleotides and polynucleotides prepared therefrom are 
more resistant to nucleases. Similarly, such nucleo- 
tides and polynucleotides containing the same and 
suitably prepared which are more capable of contacting, 
stimulating and penetrating cellular surfaces or 
membranes, such as the cellular surfaces or membranes of 
lymphocytes and other cells so as to stimulate the same 
for the production of a desired cellular product, such 
as interferon. 

Particularly useful among those special nucleotides in 
accordance with this invention having the formula P-S-B- 
Sig and especially useful are those wherein the Sig 
component is at the 5 position of the pyrimidine or the 
7 position of the purine or a deazapurine or the N^ 
position of guanine or the position of adenine. Such 
nucleotides and polynucleotides incorporating the same, 
both single-stranded and double-stranded nucleotides, 
DNA and/or RNA are prepared in accordance with this 
invention to provide increased stability with respect to 
the double-stranded helix of DNA or RNA or DNA-RNA 
hybrid containing the same. Increased resistance to 
nucleases is also achievable as well as alterations or 
favorable changes in the hydrophobic' properties or 
electrical or charge properties of the nucleotides and 
polynucleotides containing the same. Also, nucleotides 
and polynucleotides in accordance with this invention 
are prepared which, when administered to humans, have 
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reduced pyrogenicity or exhibit less other whole body 
toxic responses. Additionally, the nucleotides and 
polynucleotides are prepared in accordance with this 
invention to provide a ligand, such as the component 
Sig, to which specific polypeptides can combine to 
create or bring about the formation of RNA complexes. 
It is seen therefore that the nucleotides of this 
invention include the P, S, B and Sig components wherein 
the Sig is covalently attached to either the P, S or B 
moieties open up or provide a whole array of chemical 
agents having special biological effects including 
therapeutic effects and cytotoxic effects. 

The special nucleotides of this invention, including 
polynucleotides containing these nucleotides, in 
addition to being stimulating or inducing agents for 
the production of cellular materials or products, such 
as interferons, lymphokines and/or cytokines, are also 
useful for their chemotherapeutic effect and for the 
preparation of chemotherapeutic agents based thereon 
but also for their cytotoxic effects and the production 
of cytotoxic agents based thereon. The moiety Sig 
attached to the special nucleotides of this invention 
containing the other moieties or components P, S, B 
provides a site per se for the attachment thereto, the 
Sig component, of special agents of known chemothera- 
peutic or cytotoxic effect. Such nucleotides could be 
introduced or administered to the subject being 
treated, e.g. human body or animal, so as to be 
incorporated into the DNA and/or RNA components of the 
body or cell so as to either interfere with the 
synthesis of the body or cellular DNA and/or RNA or to 
attack tumors or to, in effect, kill or otherwise 
interfere with the growth of undesired cells. 
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The administration of the nucleotides and/or poly- 
nucleotides containing the nucleotides to the body, 
human body or animal, can be effected by a number of 
suitable means. Particularly effective would be the 
intravenous introduction to the body of preparations 
containing the nucleotides of this invention and a 
suitable physiologically acceptable carrier or the 
nucleotides could be administered subcutaneously , 
transdermally , or intramuscularly or by direct intro- 
duction into the site where the chemotherapeutic or 
cytotoxic effect of the nucleotides is sought or 
desired to be effective. Not only could desired 
chemotherapeutic or cytotoxic effects be achieved 
systemically or locally but also, as indicated 
hereinabove, the special P, S, B and Sig-containing 
nucleotides of this invention, including polynucleo- 
tides containing such nucleotides, are useful as 
immune-stimulating agents and adjuvants therefor. 
Accordingly, vaccines containing the special nucleo- 
tides and polynucleotides in accordance with this 
invention can be prepared having improved effectiveness 
and versatility. 

Of special interest in the practices of this invention 
improved polynucleotides incorporating the special 
nucleotides of this invention are provided as inducers 
or stimulating agents for the production of interferon. 
Such polynucletoides would be single-stranded or 
double-stranded ribonucleotides, dsRNA, having the 
structures, 
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„h.r. A and 9 are complementary mm mx«.. a. a 

purine, a 7-deaz.purlne or pyrlmidin. modified by the 
.Mltton of an organic moiety Sig in 

th.dl.clo.ut.. ot thl. invention on the 5 po.ition of 

the pyridine ring o, th. 7 pcition of the purine r.ng or 

the pyrin. g ^ the N 4 of cytosine as 

tide. « th... position, lead to r.lativ.ly undi.rup- 
tite or non-di.ruptiv. double-trended nucleic «x* 
molecule, a. measured, by rate, ot ...ooation and 
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Intention employ* a. inducers of interferon and otber 
cellular or humoral factor, or component., such a. 
lysine, or cytokine., the following group, would be 
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in the utilization of the special polynucleotides of 
this invention, such as the special dsRNA of this 
invention in the induction process for the production 
of interferon it has been demonstrated that DEAE- 
dextran facilitates this operation. It appears that 
since DEAE-dextran complexes with dsRNA and protects it 
for nuclease degradation, thereby enhancing interferon 
induction. It has also been noted that poly rC:rI is 
taken into cells more efficiently when complexed with 
DEAE-dextran. Accordingly, in the practices of this 
invention the hydrophobic properties and the ionic or 
electron charge properties of the special dsRNA of this 
invention are important factors and capable of 
manipulation in the applicability of these materials to 
induce interferon production. It has been observed 
that such conditions or factors which promote the 
induction of interferon also lead to and promote the 
induction of other cellular or humoral components, such 
as lymphokines and cytokines. It is apparent, 
therefore, that the special nucleotides and polynucleo- 
tides containing the special nucleotides of this 
invention act as immune modulators and stimulators of 
the immune response other than simply being effective 
as inducers of interferon production. Superior agents 
for the above in accordance with the practices of this 
invention would include nucleotides wherein the Sig 
moiety incorporates biotin or streptavidin or avidin. 

Poly rI:poly rC complexed poly L-lysine exhibits 
adjuvant properties and such properties are enhanced 
and improved in accordance with the practices of this 
invention when the poly rl and poly rC components are 
modified to include one or more of the special 
nucleotides in accordance with this invention. 
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The preparation of DNA probes in accordance with 
another aspect of this invention can be carried out in 
a manner which does not require the preparation or 
utilization of the special nucletoides described 
herein. For example, double-stranded DNA can be 
reacted with a carcinogen or alkylating agent. After 
the carcinogen has reacted with or alkylated the 
double-stranded DNA, the resulting modified DNA is 
melted to produce a DNA hybridizing probe containing 
the reaction product of the DNA and the carcinogen or 
alkylating agent. When thus-modified or reacted DNA is 
employed as a hybridizing probe, any resulting formed 
double helix or double-stranded DNA would be assayed or 
searched out by means of a double antibody technique. 
The primary antibody would be an anti-carcinogen and 
the secondary antibody would be hor ser adish-peroxidase 
conjugated anti-peroxidase antibody. The advantage of 
this rechnique is that it would be easy to label the 
double-stranded DNA. This special approach is 
indicated hereinabove in the examples accompanying the 
description of this invention and is generally applica- 
ble for the preparation of DNA probes from double- 
stranded or double helical DNA. However, this 
procedure is a disruptive procedure involving the 
modification of the double helical deoxyr ibonucleotide 
polymer or DNA. 

In the description of the special nucleotides and 
modified DNA employed or developed in the practices of 
this invention, mention has been made of mono, oligo 
and polysaccharides. It is pointed out that derivatives 
of mono, oligo and polysaccharides are also useful in 
the preparation of the special nucleotides of this 
invention. For example, it is possible to modify 
individual sugar moieities employed in the make-up of 



1223831 

-110- 



the special nucleotides and employ the resulting 
modified sugar moieties to effect or carry out 
additional chemical reactions. Such modified mono, 
oligo and polysaccharide moieties, when employed as the 
Sig moieity in the preparation of the special nucleo- 
tides of this invention, provide an added versatility 
with respect to the detection of the nucleotides or 
other compounds containing such modified saccharides 
either as the sugar S or as the Sig moiety thereof. 

in another aspect of this invention the Sig moiety 
instead of being attached to a nucleotide could also be 
attached to proteins. Not only could such proteins be 
attached to nucleotides or polynucleotides but also 
such proteins could be identified per se whether 
attached to a nucleotide or polynucleotide or un- 
attached, in accordance with the practices of this 
aspect of the invention, a suitable such proteinjtdduct 
would have the formula, 




wherein Ri is an OH or an amino acid or acids and R 2 is 
an amino acid side chain and R 3 is H or an amino acid 
or acids and Sig is attached to the Ri and/or R 2 and/or 



R 3 . 
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WHAT IS CLAIMED IS: 

1. A modified nucleotide comprising a 
base moiety, a sugar moiety and a phosphorus- 
containing moiety, and having covalently attached 
to at least one of the base, sugar or phosphorus - 
containing moiety a chemical moiety comprising at 
least one moiety that is capable of complexing ions, 
the ions being capable of self -detecting, self- 
indicating or self-signalling. 

2. The nucleotide according to claim 1, 
wherein the moiety that is capable of complexing 
ions comprises one of two nitrogens or two carboxyl- 
containing groups or a combination of both. 

3. The nucleotide according to claim 2, 
wherein the moiety that is capable of complexing 
ions is a 1,2-diamine. 

4. The nucleotide according to claim 3, 
wherein the moiety that is capable of complexing 
ions has the structural formula: 



wherein M is hydrogen or a suitable cation. 

5. The nucleotide according to claim 4, 
wherein the moiety that is capable of complexing 
ions has the structural formula: 




CH 2 COOM 
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jCH 2 C00M 





CH 2 COOM 



CH 2 COOM 



CH 2 C00M 



wherein M is hydrogen or a suitable cation. 

6, The nucleotide according to claim 5, 
wherein the moiety that is capable of complexing 
ions has the structural formula: 




>CH 2 C00M 



^COOM 



CH 2 COOM 



>CH 2 COOM 



wherein M is hydrogen or a suitable cation. 

7. The nucleotide according to claim 6, 
wherein the moiety that is capable of complexing 
ions has the structural formula: 

CH 2 COOM 

-allyl- C - NH 

S \. / ^CH 2 COOM 

COOM 



CH 2 COOM 

wherein M is hydrogen or a suitable cation. 

8. The nucleotide according to claim 1, 
wherein the ion is selected from the group consist- 
ing of an ion of a radioactive metal, an ion of a 
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metal capable of catalyzing a chromogenic or fluoro- 
genic reaction and an ion of a metal capable of 
fluorescing or chemiluminescing alone or when in 
combination with another compound. 

9. The nucleotide according to claim 1, 
wherein the chemical moiety comprises a linker arm, 
the arm being covalently attached to the base, sugar 
or phorphorus-containing moiety. 

10. The nucleotide according to claim 9, 
wherein the linker arm comprises an allylamine group. 

11. The nucleotide according to claim 10, 
wherein the chemical moiety has the structural formula 



dUTP -allyl- NH- C - NH 




:h 2 coom 



CH 2 C00M 



CH 2 COOM 



CH 2 COOM 



wherein M is hydrogen or a suitable cation. 

12. The nucleotide according to claim 5, 
wherein the moiety that is capable of complexing ions 
has the structural formula: 

.COOM 



S=C=! 




CH 2 COOM 



CH 2 COOM 



CH 2 COOM wherein M is 



hydrogen or a suitable cation. 

13. The nucleotide according to claim 1, 
further comprising an ion capable of self -detecting, 
self-indicating or self -signaling, the ion being 
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complexed to the moiety that is capable of complex- 
ing ions . 

14. The nucleotide according to claim 13, 
wherein the ion is selected from the group consist- 
ing of an ion of a radioactive metal, an ion of a 
metal capable of catalyzing a chromogenic or fluoro- 
genic reaction and an ion of a metal capable of 
fluorescing or chemiluminscing alone or when .in com- 
bination with another compound. 

15. The nucleotide according to claim 14, 
wherein the radioactive metal is an isotope of bis- 
muth, polonium, nickel, tin, gallium, technetium, 
indium, mercury or cobalt. 

16. The nucleotide according to claim 14, 
wherein the catalyzing metal is cobalt. 

17. The nucleotide according to claim 1, 
wherein the base moiety is a pyrimidine, a purine or 
a 7-deazapurine and the chemical moiety is covalently 
attached to the 5- or 6-position of the pyrimidine, 
to the 8-position of the purine or to the 7-position 
of the 7-deazapurine. 

18. The nucleotide according to claim 1, 
wherein the sugar moiety is a ribose or deoxyribose 
and the chemical moiety is covalently attached to 
the 2- or 5-position of the ribose or to the 2 -posi- 
tion of the deoxyribose. 

19. The nucleotide according to claim 1, 
wherein the phosphorus-containing moiety is a mono-, 
di-, tri- or tetra-phosphate and the chemical moiety 
is covalently attached to the phosphorus-containing 
moiety through a phosphate oxygen. 

20. The nucleotide according to claim 1, 
wherein said compound forms part of an oligo- or 
polynucleotide . 

21. The nucleotide according to claim 20, 
wherein the chemical moiety is selected from the 
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group consisting of a sugar moiety, a phosphorus- 
containing moiety and a combination of the two. 

22. The nucleotide according to claim 20, 
wherein the chemical moiety comprises a polymer or 
protein. 

23. The nucleotide according to claim 20 
being present in at least a portion of DNA or RNA 
selected from the group consisting of single-stranded 
nucleic acids, double-stranded nucleic acids and 
combinations thereof. 
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